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TABLE 2.-d€oney loas b y j o o d s  of Jtwumy, 1914. 
. . 

I Tangible I Farms and ! I 

District.. 

crops. i 
I I . -. - I 

$370.000 $2OO.OOO 1.(W 5il.NIU 

I 

south &rolina.. . . . . . . . . . . . . . . . . . . . . . . . .....-...I.. . . . .......I SAW I I-IIYJ 
California: 

S0,OOO) 5.5001 l5lWl !11.000 
-. . . 

Hydrogra hs for ty ical points uii several priricild 

chartin are Keokuk, St. Louis, Memphis, Vickshurg, an(: 

the Ohio; Nashville, on the Cuniberlancl : Johnwivillr, 
on the Tennessee: Kansas City, on the Missouri; Little 
Rock, on tlie Arkansas; and Slirevcport, on the Red. 

rivers are s R own on C” f art I. The stations selecbed for 

New Or 7 ems, on the Mississippi; Cincinnati and Cairo, o i 

FRESHETS IN THE SAVANNAH RIVER 
A N D  TIIE FORECASTlX(3 O F  HIGE WATEB AT AUGUSTA. GA: 

By EUGENE D. EYIGH, Local Forecaster, Augusts, GR. 
[Dated May 16, 1918: revised December, 1914.1 

PREFACE. 

This pa ier is chiefly an espla.nation and clikssion of 

writer in predicting high river stages for tlie benefit of 
the business ant1 residential interests of Augua tit, Ga., :itit1 
the river farmers, lunibermen, and navigators below Su- 
gusta. It is hoped it niay prove helpful to river fcire- 
casters elsewhere, and in terei ting to students of river 
flow. 

Acknowledgenients are due and are gratefully ex- 
tended to Profs. H. C. Frankenfield and A. J. fleiiry, 
and Mr. H. W. Smith, of the Central Office of the Weather 
Bureau, Messrs. M. R. Hall and W. E. Hall of the Uiiit~ecl 
States Geological Survev, Judge Henry C. Hnninioiiil, of 
Augusta, Hon. Nisbet wingfield, chief engineer of the 
river and canal commission of Augusta, and others who 
have furnished valuable historical and scientific fitc ts a i d  
publications, as well as to the 0ffic.e force of the Augusta 
office of the United States Weather Bureau for assist- 
ance on tabular matter and dittgraiiis. 

the river i orecast sclieiiie tliat is used successfully by thc 

THE SAVANNAH RIVER. 

The Savannah River is a stream bold in all of its fen- 
tures. It is formed by the junc.tion of the Seneca a.ml 
Tugdoo Rivers about 100 niiles above &.gustn., Qa: 
The headwaters of tlie Seneca River are snia.ll streams 
having their origin chiefly in the niountains of South 
Carolina. The Tugdoo River results froni sninll streams 
tha.t rise for the niost part in the mountains of north 
Georgia. Numerous creeks mcl sniall livers enter these 
tributaries and the other tributaries of tlie Savaiinnli 
River as well as the inain stream. On the South C(ti.ro- 
lina side, Rocky River, Little River, and Stevens C!reek 
are the niost important streams, while on the Georgia 
side are found the Broad River, which is the ltwgest of 
the tributaries, and the Little River, another important 
stream. 

Por its size the Savannah River is an ,unusudly rest- 
less stream, sensitive to even small amount of rainfall 
and subject to frequent; rises. Here rushing in cascades 

over the granite bed, there resting in placid shoals, the 
the water makes on the whole rapid progres; the total 
fall in 64 niiles ininiecliately above Augusta is 257 feet 
The c,ourse is somewhat irregular and isluacls are quite 
nunierous in the channel. The last of the-ca.scacles be ‘118 

which point navigable waters move leisurely along a 
n.inding course t,hroudi the low swamps of the Coastal 
Plain to the Atltint,ic 6cean. It has been estimated that 
the Savanntih River nncl the streams tributary to it are 
capable. of generating a iiiiniinuin of 200,000 horsepower, 
of which but R small aniount is developed. 

Topography and Geology. 

Practically nll of the catchment basin of the Savannah 
River above Augusta occupies the Piedmont Plateau. 
It is charac,terizrd by a truly rugged topography of clay 
hills overlying geologic fomiations of granite and gneiss. 
Elevations range froni about 300 feet above sea level at 
the eastern edge of the plateau to 1,000 feet on its western 
edge. In  remote mountain districts the general altitude 
is about 3,000 feet, with prominences considerably higher. 
The nrcn of the wat~~rshrd is 7*294 square miles. 

about 6 miles above Augusta and ends at Augusta, be T ow 

N O R T H  

FIG. I.--The Sau~ilnA Biver watershod above dugdsta, Ga AM 7,294 square miles. 

Forestry co.nd~iliio~ns. 

The South Cwolinn State Depart-merit of Aqriculture , 
Coinnierc,e and Iiidustries has published ‘ ’ Bulletin 1, 
. J ~ I ~ L I w J ~ ,  1910. Forcst conditions in South Carolina. 
Report of Preliminaiy EsnniLiatsion and Survey. By W. 
M. Moore, forest itssistant, United States Bureau of For- 
estry, Colombia, S. C., 1910.” This report $ves a deuciip- 
tion of past and present forest conditions t at applies to 
the Savannah River wntershed. The following is copied 
froin his report: 

AZpiue region-Only about 25 per cent of this region has bwn 
cleared of forest, and many fields that have been cleared have after 
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wards been abandoned. Red oak, blackjack oak, black oak, chestnut, 
black locust, scrub pine, and shortleaf pine are the principal trees 
of the higher altitudes. A t  the hi hest elevations whte  pine, hem- 
lock, and fir are sometimes found, &is being practically the soutliern 
limit. of their range. On the lower slopes are found white, post. black- 
jack, swamp white, and red oaks. red and mountain maples, hickories, 
chestnut, black walnut, butter~iut, black locust, sweet gum, black 
gum. tuli, PO lar, hai&ood, white ash, red cedar, and shortleaf. 
scrub, and pines. Tlie oaks form a large part of the stand. The 
undergmwtk consista largely of small seedlin and s riiuts of the 
species mentioned, together with mountain Eurel, r~ododendrm. 
huckleberries, blackberries, and asters and other herbaceous plants. 
There is not much grass. but ferns, mosses, and liverworts abound. 

Piedmont rep‘on .-The entire Piedmont region x*as once well fur- 
ested, though only about 25 per cent is in forests iifJw. This is natural. 
since the region is distinctly agriculturnl, and the rlimate is healthful 
and invigorating throu hout the year. The forest which remains is 
largely on rough land, Aong river courses, and in farm wood lots. The 
pievading forest consists principally of short-leaf pine. Mixed with 
the pine in varying proportions and in various localities were oaks, 
such as white, post, overcup, chestnut, scmlet, black, shingle, and 
blackjack, chestnut, black walnut, black locust, sweet gum, black 
gum.. ash, bamwood, and tulip poplar. The most common trees along 
the nver courses are sweet gum, sycamore, tulip poplar, black willilw. 
white oak, post oak, and shortleaf pine. Gum, sycamore, and tulip 
po lar reach large size. 

bood lots of various sizes are well distributed throughout the Pied- 
mont region, since a portion of near1 every farm has been kept 111 
timber. The most abundant tree in dese  wood Ids  is shortleaf pine. 
known also aa “woods pine ” and “heart pine.” It sometimes grows ill pre stands, but i t  is generally mixed with oaks, hickories, and other 

Shortleaf pine is a prolific cone bearer and a quick 
seeder. Wherever fires are kept out its reproduction is excellent. 
and young seedlings are found in nearly every wood lot, though they 
do not thrive in deep shade. Many fields which were abanduned 
40 or 50 ,ears a o have grown to dense stands of this pine. which is now 
of merc&ntabfe size. Fields that are occasionally abandnned nnw 
because the topsoil is washed away are soon covered with thickets of 
short-leaf ine. 

Since &e roots form a network which holds tlie soil in place tlie 
tree is of great value on erodin hillsides. A good illustration is fur- 
nished by a field in Greenville tounty, S. G.,  which had been culti- 
vated up tn 30 years ago. T b  present owners ke t out  fires and piled 
brush in the gullies which were forming. The %illside field is now 
thickly covered witli pines about 20 feet high. the largest of them being 
7 inches in diameter. Tlie crown cover is practically continuous and a 
denee mat of needles on the ground makes forest conditions complete. 
Tulip poplars are now beginning to come on. 

ardwoods. 

RELATION OF FORESTS TO STORAGE AND CONSERVATIOK 
OF WATER. 

A dense covcr of forest, rincipdy of pine, lins hcen 
described as having blanieted the Savr~nnah Rirer 
watershed. The effect of such a forest upon the stornge 
and retention of water for the future use of stretinis iiiay 
be summarized as follows: 

1. Considerable quantities of water cau lit, and held in 

directly into the air by evaporation. The t,otal loss on 
this account in the course of tt year is fully worthy of 
mention. 

2. Much of the water which penetrates througli the 
trees runs off on the steep slopes that c,haracterize the 
region. 

3. A porbion of the rain water passes through the 
needle mulch nnd forest humus and augnients the giouiid- 
water supply. 

4. The greatest and most far-reaching loss of soil 
water so far as the rnnintenttnce of stream flow is coil- 
cerned is due to transpirntion by the trees and plants of 
the forest. Penetratin in dl directions and reitching 

of water, which pass through the trunEs, branches, and 
foliage to sustain plant life and promote growth and is 
evaporated. 

5 .  Considerable loss of moisture occurs through evapo- 
ration from the forest floor. 

suspension by tlie trees and undeigrowt fl are returned 

deep into the ground, t 5 ie roots take u vast qunntit,ics 

Compared with t,he great losses occasioned by trans- 
)irat,io.i, t,he deplet.ion of soil moisture by evaporabioii 

!rum t,he surface of the forest soil i?, of course, Of niinor 
iniport,aixe. It. is, however, very )ersist,ent in ths south- 
ern climate, nncl it,s voluine depenc \ s upon t.liis fact rather 
t,hari upon great int,ensit,y. Untloubtedly the total evap- 
oratmion froin bare unc,uIt,ivated land in t,he open in hot. 
weather is as great, or great.er t,lian from the forest, huniiis, 
and in cool weat,her decidedly greater. 
In recent years valuable invest,igations and esperiine1it.s 

have been carried 011 by tlie ZJmted States Department. 
of Agricuhre, which are of int,erest in the considerntion 
of any subject bearing upon the st.orage and conservation 
of moisture by the soil. I t  is inderest,ing t.0 n0t.e what, 
these invest,igators have learned regarding the evapora- 
tion of moisture from the soil under cliff erelit condibions. 

The following is quoted froni Dry Farming, by J. A. 
Widtsoe: 

I t  is an iniportant, fact that very dry soil funlishes ;t very effective 
protecdon against tlie capillary niovenient of water. In  localities 
where the relative huniic1it.y is low, the temperature is high. and the 
sunshine abundant. evaporation niay go on so rapidly that. the lower 
layers can not  upp ply the dernnnd made upon it and the top soil then 
dries out so c.oniplet.ely as to form a protect.ing covering against further 
evaporat.ion. 

Direct sunshine is. next to temperat~ure. the most active cause of 
rapid evaporat.ion fnnn moist. soil surfaces. Whenever. t,lierefore. evap- 
oration is too J1nw to forni a dry protecting layer of top soil, shading 
he1 1s ninterially in reducing surface losses of soil water. Under very 
arid condit.ions, however. it. ia questionable whether in all cases shadi 
has a really beneficial effect,. though under semiarid and subhum3 
c.onditiuns the bent.tits derived froin sh:iding are increased largely. 
d specia.1 ( m e  of sliading is t.he mulching of laud with 8tra.w or other 

barnyard litter. or with leaves, as in t.lie forest. Such mulching reduces 
evaporation, but only in part because of ita shading artion, since it actg 
also as a loose tclp layer of soil niutt.er, breaking coiiiniunication with 
the lower soil layers. 

Whenever the poi1 is carefully st.irred. as will be described. the action 
of slinding as a means of checking evaporation disappeam almost entirely. 
I t  is only with soils that are tolerably moist at the surface that shading 
arts beneficially. 

To avoid possible nlisinterpret,ation of the 
follow, it, will be well bo lay stress upon the fact t at there 
is a great difference bet,ween mere cleforest,nt,ion and de- 
foresOatioii attended by n riculturd development. The 

t.ion 01) )osecl to the absorption and conservation of niois- 

ducive to perennial cult.ivation, iniproves the ground 
wtit.er flow. In a hilly 
the Piedmont sect,ion of 
and advanced methods of 
come t,he tendency for freshets t,o increase with deforesta- 
t.ion, while very active surface run-off results when the 
fields are uncultivnt,ed. In a denuded inouiitaiii region, 
wit.11 precipitous slopes, t,he run-off is est.remely flashy, 
t,lie freshet,s being torrential and the normal flow deficient,. 
Nothing in t,liis article should, therefore, be construed as 
an arguiiieii t against the protection of f0rest.s in moun- 

gages tmo 

former leaves the ground P inrd and bare and in a coixli- 

t ure; t. 1 ie latter, especially under climatic conditions con- 

tainous sections. 
Forester W. hf. Moore, in his report on South Carolina 

ahove quoted, says: 
The forests of. the dlpine reqion are really protection forests and 

should be ret.ained as such. The only way to protect the headwaters 
of the rivers aiid to prevent further dsnia:e t) bottom lands, highways, 
bridges. and mills is for the Federal or Sh te  Goveniment to purchase 
and manage the m o u n ~ ~ i ~ i  fore&.. 
In t.liis view t,he writer entirely concurs. 

CULTIVATION. 

In the early days deep plowing was unknown in t.his 
sect,ion. Since then not only has there been an almost 
continuous increase in the area of agricultural lands, but 



48 MONTHLY WEATHER REVIEW. JANUARY, 1914 

20 
20 

farming methods have greatly improved. Practically all 
of t,he hillsides have been terraced and deep plowing is 
now a conimon practice, while about half of t.he ciilti- 
vated area has been subject,ed to other modern niet,liods. 
Hmidreds of wres once hard and bare in t,he wiiit.er 
niontlis are now verdant with oat.s, clover, and ot.lier 
winter cover crops. The dust. iiiiilch is much iiiore cmi- 
nionlv and more scientifically used than formerly, thuugh 
it. has always been necessary t,o cultivate corn and cot.t.oii 

iiite vigorously until near the middle of July for the 
Ioouble purpose of keephie down t,he grass m d  coiiserviiig 
nioisture in the soil for tEe later use of cro s 

About October 1 plowing is coniiiiencea * Those who 
wish to put in winter cover cro s pnsh t.he work rapidly. 
Others plow intermittently a1 fall and w i n k .  As ti  

result., a lar e ercentage of t.he land of the Savannah 
River wat.eix 88 e is in ideal condition to receive t,he rain- 
fall of the storage period, which embraces the nionths of 
Januarv, February, March, and -4pril. 

During March aiid earlv in April the clocls not pre- 
viously harrowed for wint.er crops are brcken up and t,he 
planting of cotton and corn progresses. For &out t.hree 
months, usually from the middle of April t,o the middle 
of July, the groiind is t~liornughlv hoed or cul t.ivatcc1 aft.er 
every rain, iinle;.~s t,he precipitation is SO heavy t~iitl frc- 
quent as to prevent, the fields being ent.ered. This is a 
most important period in it.s bearing upon the coiiserva- 
tion of moisture, for when the rainfall is not so heavy as 
to either maintain or augment the ground-water supply 
in spite of evaporat.ion the widespread dust niiilch pre- 
venta evaporat.ion aiicl saves the moisture in the soil. 

In ‘‘Dry Farniing ” Widt.soe quotes a number of reports 
of experiments which show that on the average t.he evap- 
oration from soil on which there is a well-prepared dust. 
mulch is about 60 per cent less t.lian froni conipa.ct bare 
YOil.  

To show t,he difference between eva orat.ion ou cu1t.i- 

ing. the following table is co ied from Utah Agricultural 
Colle e Bulletin No. 115, ‘T f ie Movement of Wat.er in Irri- 
gatecfSoils,” by W. W. McImighlin and J. A. Widtsoe. 

vated and noncultivated land on w l ~ c  P i crops a.re grow- 

TABLE 1.-Effect of atlti.uatwtb o n  the rate of loss of soil mkturc .  

wear 1902. To a depth of 8 feet. Crops growing vigorously.] 

18.87 22.37 No cultivation. 
14.78 16.84 Cultivated weekly. I 5.53 

Lengthof Average Poundsof 
periorl percentof waterlost 

(davs aftar water at per square 
irrhtion). 1 beginning. foot. I 

&g8.31 I PCr;M& 1 m- I 
38.2s No cultivation. 

31 17. I 30.99 Cultivated weekly. 

-- - _- - I I 3.49 I - 

From these figures the difference in the amount of 
water evaporated from thoroughly cultivated land aiid 
from ordinary agricultural land, with crops growing can 
both, may readily amount to 1 inch in a month. If it 
be assumed that one-half of the Savannah waterslid is 
thoroughly tilled from the middle of April to the niitlclle 
of July and t!ie otlier half in an ordinary state nf cultiva- 
tion, with crops growing (though only about 20 p i  

cent is actually in such condition and the  remaining 30 
,er cent is largely woodland), the saving in t h e e  months 

hor the entire shed would be 1+ inclies. This, if devoted 
in its entirety to river flow, would maintain a stage of 
over 5 feet at  Augusta for three months, or it would 
rcprcsent the difference between a 5.5-foot stage and an 
8-foot stage for three months though, of course, not nearly 
all the water saved reaches the streams. This is merely 
bv way of illustration, some knowledge of tlie factors 
aff&ing the soil’s content of moisture being helpful to 
tlic river forecaster. 

Agricultural development in the Savannah Valley may 
b ( A  safely presum?d to have closely accorded with that of 
otlier portions of thc Piedmont region. It will be assumed 
therefore, that 35 per cent of the catchment area remained 
covered with trees in 1909, a3 indicat2d by Mr. W. M. 
M o m  in his report on forestry in the Piedmont section of 
South Carolina. Allowing 10 er cent af tlie aIea for 

will be considertld as agricultural land, cultivate for the 
most part though pal tly in iasture. 

The decrease in forested area may for all practical 
purpmes be assumed to have been proportional to the 
incrcasc in agricultural 1andJ. It being a known fact 
that mrcage in ctittw is an accurate indes to agricultural 
activity in tlii.; section and the statistics f x  this crop 
being the c-)nly figurcs availablr for a long pcriod of years, 
conipu tations of areas liav-i~ been based thereon. The 
following Tahl: I1 is the result. 

TABLE II.-Pt*rcfzi.togt: of iooodland, ngt.icultztm1 land, and bare land in 

B roads and other bare ground, t P le remaining 65 er cent 

the Saiwmah River watershed above Aigzasla. 

I Wood- 
land. Year. 

ls69. ...................................... 
1870 ....................................... 
1Si l . .  ..................................... 
1872. ...................................... 
1873.. ..................................... 
1874.. ..................................... 
1875 ....................................... 
ISiB..  ..................................... 
1 ~ 7 7  ....................................... 
18; ........................................ 
1 ~ ~ 9 . . .  .................................... 
l . S O .  ...................................... 
1 1 1 . .  ..................................... 
lLW2. ...................................... 
1m. ...................................... 
lS84. ...................................... 
1ss5. ...................................... 
1. ....................................... 
NW7. ...................................... 
1 m . .  ..................................... 
l S 9 .  ...................................... 
iR9n ....................................... 
1891. ...................................... 
189.2. ...................................... 
1893. ...................................... 
1894. ...................................... 
1895. ...................................... 
1896.. ..................................... 
lS97. ...................................... 
189s. ...................................... 
1899. ...................................... 
19uo.. ..................................... 
1901.. ..................................... 
1903.. ..................................... 
1903.. ..................................... 
1Ro.L.. ..................................... 
1%. ...................................... 
19011.. ..................................... 
1907.. ..................................... 
1908.. ..................................... 
lsog.. ..................................... 
1910. ...................................... 
1911.. ..................................... 
1912. ...................................... 

io 
74 
72 
70 
6s 
66 
64 
62 ea 
58 
56 
54 
53 
52 
51 
50 
48 
47 
48 
44 
43 
41 
41 
40 
39 
39 
35 
35 
38 
35 
37 
37 
36 
33 
33 
32 
29 
29 
27 
25 
23 
23 
21 
19 
19 

-- 

A m i d -  
tural 
land. 

Prr cent. 

16 
18 
20 
22 

, 24 
26 

30 
32 
34 
36 
37 
38 
39 
40 
42 
43 
44 
46 
47 
49 
49 
50 
51 
51 
52 
52 
52 
52 
53 
53 
54 
57 
57 
5s  
61 
81. 
63 
65 
87 
87 
89 
71 
71 

a0 

28 

- 
Bare 
land. 

- 
Per cent. 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Cotton 
Qeortd 

and South 
Carolina. 

dcrts. 
1.) 532 800 = i:7oa:400 ........... ........... ........... ........... 
‘2,850,000 ........... ........... ........... ........... 

3,981,400 ........... ........... ........... ........... 
4.675, 000 ........... ........... ........... ........... 
5,332,500 ........... ........... ........... 
4.905. 000 
5,771,M 
4.8&1,000 
5.483. 000 
5 613 000 

5.538.000 
5.978, 000 
6.256. 000 
6.069.000 
8.367. 000 
8.759. (YIO 
5,901.000 
8.969.000 
7.200.000 
7.383.000 
7,186,000 
7,588.000 
7m000 

5:sss:OOo 

7:625:000 

1 Estimated from production allowhp 3 acre8 for eacb bale of 500 
3 Estimated from production: allowing yield per acre that o b t s i n e ~ % ’ 9 .  
J Interpolated. 



JANUARY, 1914. MONTHLY WEATHER REVIEW. 

During the Civil War much land previously cultivat-d 
wm abandoned. Complete recovery and return to the 
acrcagt, of 1859 did not occur until 1870 or a little la tx ,  
so that the prolific, quick-growing shoi tleaf pine had hac! 
ample tims to restore the abandoned land to forcst ~ ~ 1 1 -  
ditions, the ine tliicketa being equivalznt to primal con- 
ditions in t R eir c f f x t  upon run-off. The percmtagw 
given in the above table may, therefore, be accept:d as 
accurate within a narrow margin of error. 

Since 1870 the ratio between woodland and agricul: 
tural land has reversed. In  1870 forests covered approxi- 
mately 70 per cent of the ar2a of the Picdmoit section 
of the watershed and agricultural land about 20 per cent. 
The alpine section is unnecessary to cnnsidzl. At the 
present time woodland occupies only 20 pel cent of its 
area, mostly in farm woodlots, while agricultural land 
occupies about 70 per cent. 

SURFACE RUN-OFF-HIGH WATER STAQES. 

Importance attaches to the 20-foot stage of the Savan- 
nah River at Augusta by reason of the fact that when it 
is reached some of the river farms below Augusta are 
inundated. It is also of interest to lumbermen, since it 
enables them to float logs out of the swamps: and to coii- 
tractors working on Government, and municipal develop- 
ments along the river front and below the cit 
to river transportation companies. Stages a ove 20 feet 
are of increasing importance as the depth increases, 
though water does not enter Augusta until the 32-foot 
stage is reached, and does not cause general concern 
until the 34-fOOt stage is attained, when a considerable 
area in the business section is affected. At 36 feet a 
wide area of the business and residence sections is covered 
to depths of from 1 to 3 feet. 

i? as as 

RELATION O F  SURFACE RUN-OF TO HIGH WATER. 

Primary surface run-off is that which occurs practi- 
cally simultaneously with the falling of the rain by which 
it is caused. 

Secondary surface run-off may be defined as t,he more 
gradual discharge of water from thorouahly saturated 
surface soil or forest mulch and .humus. ?t is quite ro- 
nounced under forest conditions, and is common 8oni 
cultivated areas after slow, stead rainfall. 

Chittenden and other writers gave pointed out that 
delayed run-off from forests may considerably augment, 
the volume of a freshet or flood in such a wa 

to occasion increases of high water in volume or fre- 
quency, the delayed flow lower down combining with the 

However that may be for 
Lnger rivers, in a short stream like the upper Savannah 
River freshets can be affected only when t,he delayed 
run-off from one rain that has supersaturated the surface 
soil combines with the primary run-off from another rain 
falling not more than two or three clays later. Sequence 
of precipitation calculated to produce such an effect is 
found by detailed st,udy of t.he daily values for the upper 
Savannah River for 20 years, to be unusual. I t  follows 
that for purposes of general discussion of the frequency 
and volume of high water a t  Augusta delayed run-off may 
be ignored, its only office being to maintain a somewhat 
more active flow after some freshets than would other- 
wise exist. 

The number of days with the Savannah River a t  or 
above the 20-foot stage at Augusta has increased with the 

counterbalance any tendency deforestmation mig T it as have to 

rimary run-off from above. 
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expansion of cultural and contraction of forest area. 

increase and ascertain its cause. This can be done with 
sufficient accuracy by the use of simple ratios. 

During the 10 years 1877 to 1887 (187s being omitted) 
the avera 0 rainfall for the storage period (January, 
February,%arch, and April) was 20.9 inches, and the 
average number of days with the river stage a t  Augusta 
at or-above 20 feot was 8.4. During the 10 Tears 1903- 

inches, and the average number of days of 30 feet or over, 
was 10. Although the rainfall in the first 10 years was 30 
per cent more than in the last 10 years, the number of clays 
in the fist group of years with the river de@ at, August.n 
20 feet or over, was 20 per cent less than i n  the Inst. 

In  studying the above rat,ios it is important t.0 renieni- 
ber that- 

1. The amount of rise to reach 30 feet is not considered. 
3. They figure from zero us the basis of conipdtatioii 

of rainfall ercentage, whereas only the aniount of rniii 

sible should be considered. 
The question may properly be asked whether the 

demonstrated greater frequency of river depths of 30 feet 
and over necessarily indicat.es a more active surface run- 
off. Since the average river stage has iiicreasecl in dc 1t.h 

formerly to occasion a rise to any high-wat,er stage on the 
Au ustaga e. 

&,artinf from initial stages below 16 feet., tlie normltl 
amount o rise in the Savannah River u t  August.a for each 
inch of rain in 24 hours over the catchment, area with the 
ground in moist condition is 8.5 feet. This remains true 
until rain has brou h t  the river to its 29-foot. stage. Any 

stage has a value of about 3 feet for each inch of rain. 
The 3 feet difference in gage readings added to the ini- 
tial stages of the 1877-1887 group of ears increases by 3 

more than 2 feet the 27-fOOt stage: by nearly 2 feet the 
%-foot stage; and by about 1 foot all otlier nge readings 

negligible. Nearly all rises now, and formerly a greater 
roportion of them, originated below the 1G-foot stage. 

gor the purpose in hand, the few rises st,arting from st,nges 
above 16 feet may be included wit,hout serious effect 011 
the result. 

If, instead Qf figuring from zero as the basis of compu- 
tation of rainfall percenta es, we take into account oiily 

is impossible, the following results are obtained : 
At the present time about 12 inches of rain is re uired 

during the first four months of the year in order thn t &e PO- 
foot stage may become ossible. Yiiow seldom falls and 

sta es, being followed by cold weather and slow nielt.ing. 
6uringthe 10 years 1877-1887 (1878 being omitted) there 

were 14.7 days, on the average, with river st.ages of 17 feet 
or over, d m n g  the first four months of the year; this 
would be equivalent to the number of days 30 feet or over 
had the inihal stage been 3 feet higher, as in the 1902-191 1 

A coni arison of these 14.7 daj-s of 17 

or over in tke 1902-1911 group of years, shows the former 
to have been 47 Der cent =eater. 

It may be we1 "$ to now attempt to fix the estent of this 

1911 the average rainfall for the same niont 3 is was 16.1 

exceeding t R at below which t,he 20-foot stage is iiiipos- 

approximately 3 feet, less rainfall is now required t. 1 l a i n  

surplus of water a f ove that necessary to cause a 20-foot 

feet the original gage readings up to t. P le %-foot stage; by 

up to about the %foot stage, where the e P ect beconies 

rainfall above the amount 5 elow which the 20-foot s6nge 

never has any apprecia E le effect on the river's recorded 

. YP eet or Of over with the 10 1 ays' average for stages of 20 feet 

Using the usual correlation formula, as used and ex- 
lained by Prof. J. Warren Smith in his study of thd Ohio 

giver, it IS found that there is a harmonious relation be- 
tween the rainfall durin January, February, March, and 
April and the number of days with the river above cer- 
tain stages a t  Augusta, the probable error in each com- 
putation being negligible. 

The following are the coefficients: 
Comparing d a y  PO feet or above and rainfall: CoefE- 

cieiit for 3877-1887 =0.85, with probable error f0.06. 
Comparing days 17 feet or above and rainfall: Coeffi- 

cient for 1~77-1887 = 0.81 , with probable error 50.08. 
C'omparing dnys 20 feet or above and rainfall: Coeffi- 

cient for 1902-1911 =0.96, with probable error 50.02. 
In 1177-1S87 the rainfall actively applied to producing 

days wit.11 stages of 17 feet or over was: 20.9 - 12.0 =8.9 
inches. 

In 1902-191 1 the ra.infall actively applied to producing 
clays with stages of 20 feet or over was 16.1 - 12.0 =4.1 
inches. 

The amount of rainfall effective in producing compar- 
uble stages was, therefore, 117 per cent greater in 1877- 
IXXi than in 1902-191 1 ; the number of days with stages 
of 17 feet and over hi the first group of years was only 
47 pcr centm greater t.han the number of clays with stages 
of 30 feet and over in-the last group. This shows an m- 
crease in surface run-oft' to which it is desirable to assign 
n n  approsimatcly definite value. 

Since tho iiiean of the correlation coefficients of the two 
10-year groups is about, 0.90, am1 the average number of 
tluys with 90 feet or over hi the 1902-1911 group is 10, 
t,he number of days w7itl1 stages of 30 feet or over to be 
espected from 8.9 inches of eft'ective rainfall during the 
first four months of the year under present run-off con- 
ditions is: 0.90 x 2.17 x 10.0 = 19.5 days. 

This is equivalent to 19.5 days with stages of 17 feet 
and over under original ground-water conditions and new 
surface run-oft' conditions and the following corn utation 
is in order, 30.9 inches of rainfall b&ig assume8 

u. = Original average stream flow, days of 17 feet or 

b=Ncw surface run-off, days of 17 feet or over. 
c=Forest surface run-off. days of 17 feet or over. 

Then a + b = l 9 . 5  rluys. 
a + c = 14.7 days. 

aiid b - c = 4 . 8  dnys=difference in effect of old and 
new surface run-off. 

This corresponds to 4.8 days of 20 feet or over now 
nncl since tlie zvernge number of clays of 20 feet or over 
in 1Sii-ISSi wns S.4 and the same rainfall now should 
cn.use 13.5 tltl.;Ys, t,he number of clnys increase due to in- 
crease in c1ept.h of average strcam flow may be ascertained 
as follows: 

19.5 - S.4 = 11.1 days? increase for 80.9 inches of rain. 
Of these 11.1 days, 4.8 are due to greater surface flow. 
Therefore, 11.1 - 4.S = 6.3 days of the increase are due 

t.o an increase of 3 feet in depth of average streani flow. 
The above discussion being somewhat empirical, it will 

be well to inspect the records to determine the accuracy 
of the conclusion that 21 inches of rain in the first four 
months of the year will ordinarily cause the river at 
Augusta to be PO feet deep or more during 20 days of 
that time. 

I,et 

over. 
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lati.. ....................................................... ism.. ........................................................ 
lS32.. ........................................................ 
1 W . .  ........................................................ 
1Sli i . .  ........................................................ 
1M7. .  ........................................................ 
19s- . . I  .......................................................... 
ISAS .......................................................... 
l S 9 l . .  ........................................................ 
190”. ......................................................... 
1911.. ........................................................ 
1912.. ........................................................ 
1913.. ........................................................ 

.. -- 

Rainfall, Dnys of 
YW. January- a0 I& or I April. 1 over. 

- 
lW3 .............................................................. 24.6 
1- .............................................................. 17.8 I 1.1 
1908 .............................................................. 1Y.8 I 35 19.m 12 .............................................................. 18.3 
igia .............................................................. 25.2 1 25 

Means ...................................................... 21.1 ~ a0 
I ._ -- __ 

The criticism may be raised that the argument pre- 
sented deals indisoriminately with all stages at)ove 20 
feet without regard to the volume of the freshets. This, 
however, is only an apparent, not a real, objection. ‘ h e .  
number of days of 20 feet. or over is depenilcnt on the 
effective amount of rainfrtll. If the prccipitcttion bo of 
short duration but great intensity, it. occasions n high shge 
that kee s the river above 20 feet for several clays. If 

extending over two or three clilys instead of one, the 
result in terms of days 30 fret. or over is practically t.he 
same though the crest of the flood is somewlint lower. 
Tne forniula used does include st,nges well nhovc 20 foet 
and tends to indicate for then1 the smie facts ns are 
proven for the entire class of stages 20 feet or over. 

The rise of March, 1913, wliicli reitchell 36.S fsct on t,hc 
gage, undoubtedly owed iiiucli of its est,raordinnry hright 
to the absence of the forests. The ground wns uncut, by 
the plow and was thoroughly 
the incessant abnoriiial raiixl’al of severid iiioat,lis t.lint, 
had revented field work of any kind. The hillsiclts, 

the flow was so rapid that the water piled up in tho river 
and had no opportunity to level out, before it rcnrhrcl 
Augusta. The obstructions presented by n forest or by 
cultivated fields would have givcn a much bett:hr rrgu- 
Iated flow. 

Aside from extremely rare occurrences such ns that. of 
1912, however, the increase in surfnce run-off of t,he 
present time over that of earlier years is largely a . ~ ~ t l  
probably entirely attributable to the fact tliiit under 
forest conditions more rain. was rccluirccl to bring tlir 
surface run-off to its iiiasiiiiuni volume, and not, to 

eater activity of the run-oft’ whtm once cstnblishtd y, f therefore, as is occasionally the case, nt tlio heginning 
of a period of heavy rainfall n consic1er:dde qunnt.ity of 
water must be retained to wet the soil, then t.hc ultinint,c 
river stages must necessarily be nft’ected mcorcling to thc 
amount of water thus withheld from the niain streilms. 
The greater surface run-oft’ of the prwent day nntl blic 
greater depth of normal flow combint4, can rcn(1il:j- IN 
shown to have an importtmt effect even on very hizh 
river stacres when the capacity of the surface soil for 
mokture@has not been previously satisfied ani1 the rnin- 
fall producing the high stage is of only one or two days’ 
duration. 

the rain P all be of the same amount but lower intensit,y, 

vl and satmur:Lt,ccl hy Pack‘: 
there P ore, presented hard, sniooth inclinrs, froni which 

140 
3i.8 
37.4 
31.9 
38.9 
34.6 
34.3 
38.7 
35.5 
34.6 
38.8 
36. S 
35.1 

The 24-hour rainfall equivalent of the %foot difference 
in normal stage is 0.35 inch. 

Tile 3-foot ilifermce in normal stage caused an increase 
in the number of days when tne river a t  Augusta WQS 20 
feet or over. of 6.3 (lays. 

Inc.reased surface run-oft’ caused a difference in tho 
number of clays when khe river was 20 feet or over at 
Augusta, of 4.8 clays. 

Now 6.3 : 4.S :: 0.35: 0.37; conse nently 0.57 i?ch 

This ninkes the increased tendency for hlgh stages, 
with the ground in ordinary condition, corr!spond. to 
0.62 inch of rain in 34 hours, and is capable .of mcreasing 
stages as follows: 

is t,he rainfall eyuivnlent for increasec P surfacc run-oft. 

The 32-foot s t a g  to 34 feet. 
Tho 33-foot stiige to 35 feet. 

The 35-foot stage to 36.4 feet. 
Tho 36-foot st.ngc to 37.3 feet. 
‘ h a  37-foot &age to 3S.1 feet. 

‘rile 3 4 - f O O t  stiige to 35.5 feet.. 

Wliilc i t  may be stated as a general proposition that 
tho prcat Ireshots come only after the soil hns been thor- 
oupllly sat,uratecl, and that the state of soil saturation is 
iisutdy tlic result of previous rains, the importance of the 
class of esccpt,ions abovc outlined should not be underes- 
t,iiiint,ctl - -. in considering n stream as flashy as is the Savan- 
nah Kiver. 

Thi! erentcst of all freshets, that of 17P6, when, accord- 
ing to ihaiblo t.stinintjes, the Savannah River a t  Augusta 
cnrried 40 feet of water, the Harrison freshet of 1840 
i m l  thc rise of 1S52, i>ot.h of these being above 37 feet, 
occurred while the forests remained intact. On the 
other hand, eight of the twelve staqes of 34 feet or over 
clurinq t,ho 73 years from May, 1840, to March, 1913, 
ocrurrcd in the last 26 years and included the great 
frrshct. of ISSS. 33.7 feet, and that of 1908, 35.8 feet. 
Three of the twelve have been recorded in the past five 
yrnrs. 

TABLE III.--Riwr stages qf 3-j .fwt and over iia tk Savanmh River at 
dicgitsfn, Ga. 

Date. 

February. 
May 28. 
Aug. 3. 
Jan. 1. 
Jan. 11. 
July 31. 
Aug. 10. 
Sept. 11. 
Mar. 9. 
Mar. 1. 
Aue. 27. 
Mar. 16. 
Mar. 10. 
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TABLE IV.-Savmd River stuga of25 feet aid over at Augusta, Ga., Septnnber, 1875, lo December, 1911. 

YeZrr. 

. . .  _..___------ 

Feet. Feet. Fret. 
18751 ................................................. 
1876.. ................................................ 
1877.. ................................................ 
1878.. ................................................ 
1879.. ................................................ 
1880 ............................................ 28.4 

11 32.2 
1881.. 30.5 (z:! 13 30.7 .................. " 

1883.. 1; }-.... .............................. g?:; . 
.................... .................. 1883 30.8 22 

128.2 
128. 3 188.4.. 

1885 27.6 28 
1888 .................... 30.5 5 .................. 
1887. ................................................. 
IS#..., ................ 25.6 2. 28.2 26 32.8 
1869 .................... 25.1 2833.3 18 ...... 
1w. ................................................. 

.......................................... 
.................... .................. 

1881 27.6 

1883 .................... 
1893 ................................. 25.4 14 ...... 
l~...... ............................................ 
1695 .................... 30.5 11 ............ 28.5 
1888 .................................................. 
1897 ................................ 27.5 775.6 
1898 ................................ 25.0 17 ...... 

310 8 28.8 1898. {30:2 28 25.5 
1900 ................................ 327 14 ...... 
1m ........... : .................... 27.3 528.8 

............................... 

................................ 3 18M 1% 

................................ 30.0 1w)3 
27.6 

la.. ................................................ 
1905 ................................ 25.8 . 14 ..... 

125.0 
128.6 1m.. 

1807.. ................................................ 
.................. ........... 

1908 ......... ~ .......... 27.4 
$!Q.8 11 28.7 

{E: 24 28.0 1m.. 
1910 .......................... : ................. 28.4 
1911.. ............................................... 

25.8 
1912.. {z:! 27 k:: 

13 

.............................. 

16 .............................. 

1 No record until September, 1875. 
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TABLE V.-Number of daya th8 8avannah River waa 80 feet or o w  at 
Augusta, Ga. 
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FORECASTING; HIQH WATER AT AUQUSTA, GA. 

When in 1888 a reat freshet broke upon Au usta the 

the streets of the city for the first time in nearl a quart,er 

destructive force than a t  any time since the flood of 1796. 
Fear of the water had clisa peared, and its full  possibili- 

tradition dimmed by the passing of man years. 
The freshet of 1588, however, impressei upon the pub- 

lic mind a conviction of the necessity for some means of 
protection, and that there might be opportunity to safe- 

ard life and movable property the Augusta district of 
g e  River and Flood Service of the Weather Bureau was 
organized in 1892 to give warning of the approach of 
dangerously hi h water. 

dailv rainfall observations for the Savannah River water- 
shed above Augusta, and an earnest effort has been made 
to obtain from the data a scheme for the forecasting of 
river stages a t  Augusta as accurate and complete as can 
be devised. Since the rises are flashy; somet,imes being 
very sudden, river-g e reading a t  points above are usu- 

relation between the average rainfall over the catchnient 
basin and the stages normally resulting therefrom under 
the existing conditions. Suc.h a sc.henie can not be ex- 
pected to give absolutely accurate results in every in- 
stance, but tests have shown a degree of accuracy that 
meeta every practical requirement. 

Predictions of high-water stages have been made for 
Augusta for a number of years, and frequently with con- 
siderable accuracy and success, but in some instances the 
warnings preceded the flood crests b so few hours t.hat 
their usefulness was greatly impaireci! This feature was 
one of the h t  to receive my attention three years ago in 
my effort to make the work more effective, and it can be 

muddy waters of t, % e restless Savannah flowecfthrough 

of a century and were of greater depth, ve f ocity, and 

ties as a destroyer of life an i property had beconie a mere 

Since 1895 t R ere has accumulated a valuable series of 

ally .of little avail, an 73 estimates must be based upon the 

confidently stated that t-he possibility of the development 
of dangerous river conditions without ample and timely 
warning has been fully eliminated. 

With 9 stations outside of Augusta telegraphing each 
inch of rain as it falls during the day, each half inch or 
more for the 34 hours ending a t  S a. m., and special re- 
pork whenever requested, the river forecaater is at  all 
tiiiies in possession of the detailed information necessary 
for tho proper performance of his duties. Additional 

the instruments in bhe 

should require it. 
Nearly all of the river forecasts are for t,be information- 

of farmers, lumbermen, st.eaniboat companies, and engi- 
neers and contractors enga ed on Government or mu- 

sions does it beconie necessary to give warnings of stages 
dangerous to Augusta itself, but occasionally the river 
rises high enough to cause apprehension. Whether the 
desire for inforniat.ion i s  inspired by a prediction of actual 
danger or nierely by a general fear of danger, every effort 
is made to secure nnd disse1iiinat.e t,he most reliable in- 
formation obtainable. Predictions are niade for all stages 
above 1s feet. 

the past two y e m  to 

supplied niuch esperience t,hat was neecled to point out 
some facts not niade sufficiently clear by trhe ctbst.ract 
study of the records. This e s  erience has indeed been 

of uttinq t,he forecast scheme in permanent form. 
f n  the bouth, where snow and ice are almost unknown 

and never accumulate to any extent, the forecasting of 
high river stages froin rep0rt.s of pred itation is compara- 

it.self int.0 the cleterniination of the probable effect of the 
average rainfall .over t,he watershed as indicated by tele- 
gra hic report,s from selected stations. 

!&e chief difficulty arises 'from varyin0 absorption by 
t,he ground, according bo it,s degree of &yness and the 
mt.e of rainfall. A very dry or only slightly moist soil 
often absorbs so much rain, even when t,he amount is 
considerable, that the imnirdia.t.e effect upon the river .is 
negligible. General heavy downpours on d q  ground 
might conceivably result in a rapid run-off of water and 
a consequent material iise in the river, but rains of this 
intensity usually coine in the suriiinertinie and are char- 
acteristically so local t.liat their simultaneous occurrence 
over all or a large portion ofatshe catchment area..which 
embraces i 1 2 N  square miles, IS a very remote possibility. 
Freshets of niagnitude take place in t.he Savannah River 
at  Augustn only after t,he ground in the upper reaches of 
t,lie stream has, bec.ome saturat,ed. 

Water from the more dist,nnt portions of the watershecl 
also complicat.es t,he problem, for when t$e rainfall covers 
two or more consecutive ?&hour periods on the second 
and subsequent days an allowance niust be added for the 
volume from the distant streams. In  summer another 
uncertainty is introduced by the erratic distribution of 
the showers of that season. 

security from surprise 

can telegraph reports even at  

nicipa.1 developments along t. % e river. Only on rare occa- 

Excellent opportunity durin 
observe the river under nearly 5 1 possible conditions has 

so useful that it seems warranta f le to complete the work 

tively simple. Thc question in eac.1 F instance resolves 

DEVELOPMENT OF THE RIVER FORECAST SCHEME. 

It is intended to discuss first the effect upon the river 
a 24-hour period, then 

into 48-hour and longer 
periods. This for the most part on 
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records €or the 24 hours ending a t  8 a. m., but in some 
cases when it was evident. that tho actual 2'4-hour rainfall 
covered the observation hour the records for two dates 
were combined. 

It appears froni the figures about to be set forth ani1 
the charts accompanying this paper, that neither thc 
exact time of occurrence of rain a t  the various stations, 
nor the tinie and duration of the heaviest. downpours, nor 
the distribution of the amounts at  the vnrious stations, 
is of great importance under ordinary circumstmices in 
influencing the height ultimatelv reached by the wnter. 
All of these questions may in special instances 1 econie im- 
portant, however, and it is on this account that! ol-servers 
are required to immediately report all heavy rainfall dur- 
in the day. 

%ood crests usuallv reach Augusta in from 1S to 30 
hours after the receipt bf the rainfall telegrams. The 
distribution of amounts has iiiuch to do with the rate of 
rise and the time of arrival of the crest! of the rise, though, 

readins are reported from Carlton, Ga., on the Broad 
River, and Caliioun Falls, S. C., on the Savannah River. 

Ta.bZes of importance .in forerasting. 
The natvrnl sv.pposit.ion is t.liat t.he higher t.he water 

in the river becomes t.he less will be t.he effect of a given 
ortim of t,he t.ot.al anioiint of rainfall in producing any 

Pr!rt~irr incrmsc in depth. ~eyoiicl a certain river st,age, 
which inay be constnatively >lncecl at. 29 feet at Augusta, 
this is trr.e of the Savnnna ! 1 River. When the soil is 
moist at t,he outset. t,he 1iwnia1 rise from st.a.ges under 16 
feet, rcninins 1tea.r 5.6 feet, for each inch of average rainfall 
over the wi.terslied in 24 hours unt.il t,he ?+foot stage is. 
reached. In  a few instances the rise for each inch of rain 
has exceeded 9 feet,, but 8.5 feet gives an escellent working 
basis for forecasting lwrpcses. 

A pa.rtia.1 espl.mation of this persistency of rise is, t.hats 
the ground a.bsorption redvces t.lie rise at lower stages. to 
such itn rsteiit. as t,o counterbalance niiich of t.he retarding 

01cr.3.-River Iorecast %?heme. Diagram No. 11. Relation of Whom rainla11 over tlie Savannah River watershed to river stages, sud run-off in cubic feet per second at Augusta, Ca. 
A. Initial stage 10 leet. B. Iuitial stage L0 feet. G .  luitial stage 30 leet. 

aa has been intimated, it has little effect on the mngnitude 
of the ultimate stpge. 

The averages gven in the tables are based chiefly on 
rainfall measurements a t  seven p0i.nt.s in the Favariiiali 
River watershed above Augusta, hut during the first 10 
years there were only sis stations in operation iiiuch of 
the time. The seven stations for which most of the aver- 
ages were computed are Augusta, Ga., Washingt.on, Ga., 
Greenwood, S. C., Calhoun Falls, S. C., Carlton, Ga., 
Anderson, S. C., m d  Toccoa, Ga. 

The consistency in the relation between the rainfall 
averages and the river stages in all but n Iew in~t~ances, 
demonstrates that the sis or seven reports used give tsuo 
averages for the watershed. To provide against the 
repetition of the few unreliable averages, however, adili- 
tional stations were established in July, 1912, at C!aniak, 
Ga.? Edgefield, S. C., and Gillsville, Ga. A balanccd 
honzontal distribution of rainfall stations lim nlw-ays 
been maintained, with a soniewhat greater nuntber on 
the Georgia side on account of the greater numl.er and 
greater importance of the tributaries there. River gage 

eflect of the increasing widt,li of the streant and the rtccele- 
rat.ed velocit,y of tlie current st higher stages. Additional 
esplanation is fovnd in t,he fact t,liat t.he percent.age of 
run-off from the fnst.er rate of fall of larger amonnts of 
rain i:; enough greater t.lian t.he percent,age of run-off froni 
the slower rate cjf fnll of t,he smaller aniount,s of rain, to 
materially assist. in givhp, for the larger nnioiints, the sanie 
average rise in feet per inch of rain, with high resdtant 
stages, 8.3 res1 Its froni snialler amounts w7it.h lower st.ages. 

is the kev t,o the Savannah River fore- 
cast sc~irnie. fii ~ r t t j l e  VI. are given t.~ie .resizlts of a 
few rainfdls averagii7.g less than an inch in 34 hours for 
tlie cntoliment, tires, t.he mean rise for such rains on moist 
wil heii1.g forncl t.o be S.4 feet per inch of precipitation. 
T n  Tables VI1 and VIII. which ccmt,ain all records from 
Januarv 1, 189'7, throirgh April, 1913, t.he niean rise per 
inch of rain is foiznd t,o be 5.7 feet for %-hour rains of 
1 to 1.50 inches, and S.5 feet for rains of 1.51 to 2.50 
inches. Table 1 1  gives the results of heavier 84-hour 
rains on stages of lG feet or less and indicates a value of 
about 3 fcet for each inch of rain in escess of tho amount 

The followin 
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Feel. 
8.9 
8.8 
8.0 

11.6 

9.4 
11.0 
9.2 
8.5 

13.2 
14.6 
12.5 
8.8 

10.0 

9.8 

TABLE VIIT.-E$Pet of ,?&how rains of 1.51 to 1.50 incheJ OW th 
daeannah Ri.uer watershed, on river stages below 16 feet at Augwta, Ik. 

Feet. 
17.5 
13.9 
21.9 
18.7 

17.9 
13.0 
18.0 
13.7 
16.2 
15.3 

-14.5 
19.5 
19.6 
19.3 

in.6 

required to produce the %foot stage. All but one of 
the rainfall averages in this table are m excess of 3 inches, 
and the results in all but one instance are close to esti- 
mates based on the forecasting table. (Table XI.) The 
excessive rise of March 15, 1912, when the river reached 
36.8 feet on the gage as against a masimuni estimate of 
35.1, resulted from the soil being entirely iincultivated. 
Persist.ent rains had prevented the usual winter plowinv 
and left the hillsides completely satiiratecl as well cis liar8 
and bare. 

Rise to 
highest 
stage. 

[Estimated rlse of 8.5 feet per average inch of rainfall.] 

Rise per 
inch of 
ram. 

- 
E8tl- 

mated 
stage. 

Dec.m.1m ............ 
Mar 2 1895 ............. 
-4 r. 22.1900 ............ 

OV.26,lgaO ........... 
Jan 11 1903 ............ 
Jan. 12,1905 ............ 
Sept. 12. 1905.. ......... 
Mar. 2.1907 ............. 

Mar: 8: 1896 ............. 
d 
Fed. 9,'1905. _._. ___. . __. 

IllCht.3. 
0.80 
.57 
.96 
.80 
.90 
.61 
.95 
.80 

1.88 .oo 

&it. 
6.4 
8.8 
7.4 
5.2 
7.0 
5. 2 
9.3 
5.5 
7.Y 
5.0 

Fert. 
8.0 
9.4 
7.7 
6.5 
6.5 s. 5 
9.5 
6.9 
9.0 
8.3 

::$.' 
Rise to Rise per Esti- 
hlghest ! invhof , m a t d  
stage. I rain. stage. Ftrt. 

fi.5 , .4 
6.6 
5.5 
5.6 
5.7 

Feel. Feet. 
8.3 ........ 
6.7 ........ I 
6.3 2.5 
5.6 3.2 1 
5.4 2.5 

I 6.1 '4.0 

-- 
Feet. 

12.3 
8.9 
8.8 
7.3 

10.2 
12.1 
9.4 

12.0 
10.3 
10. a 
8.1 

13.0 
12.3 
10.7 
13. 5 
9.1 

15.3 
9.0 

13.2 
13.5 

. 8.9 

Apr. d, 1909.. .......... 
Jan. 17.1909.. .......... 
Mar. 10 1909 ............ 
Feb. 18' 1910. ........... 
Feb. 21: 1910.. .......... 
Jan. 3.1911.. ........... 
Feb. 22 1912 ............ 
Mar. 29: 1912.. .......... 

M a  ............. 

1.26 
1 1.14 

1.40 
1.29 

1 1.02 
1.09 

11.10 
1.34 

1.1 

R h  per 
inch of 
rain. 

EbhuJt 
S W .  

Fea. 
s 4  
227 
80.6 
30.2 
29.4 

U.0 
27.2 
23. 2 
28.4 
29.9 
41.0 
28.3 
29.6 
29.1 
25.0 
23.6 
28.8 
28.0 
27.6 
28.1 
28.5 
25.9 
21.9 
28. 4 
29.9 
26.8 

n. a 

......... 

Ilate. 
! 

! 

i Feb. 21, 18!12. 
.lpr. S, 1S95 ............. I 
Fph. 97. IS[ 

........... 
All:. 22.1RF 

Inches. 
1 1.96 

1,'2.56 
2.13 

1 2.3ti 
12.0; 

1.56 
12.20 

1.53 
2.07 

11.68 
1.56 

1 2.23 
I 2.21 

Jan. 2.3.1W6.. .......... * 2.21 
Mar. 15. 190s. ........... 1.72 
Der. 14.18O7. .......... .: 1.76 

1.132 

Feet. 
8.9 
8.6 
8.6 
8.8 

8.7 
8.3 
8.2 
9.0 
7.8 
9.1 

- 9.4- 
8.7 
8.8 
8.7 
8.8 
7.8 
9.3 
9.1 
8.6 
8.3 
8.7 
7.7 
7.8 
8.9 
8.7 
7.6 

a. 3 

Feet. 
%. 6 
23.6 
30.4 
29.6 a. 9 
!a. 9 
24.3 
zi. 9 
21.6 
29.8 
28.9 

27.8 
28.8 
28.6 
N.5 
21.9 
27.2 a. 0 
27.3 
aR. 6 as. 1 
27.5 
23.0 
25.8 
29.5 
27.9 

25.8 

- 

i ............ I 
3%. .......... 

I.. .......... , ..... - .. 
J i m  2.1. 19M. 

~ p r .  &, 1901 ............ 
June 14, 19ni ........... _ I  

Mar. 29, 1902 ........... .: 
Feb. 17 19iH ............ ~ 

Feh. ?X'19M ............. I 
Dec. 21: 1905 ___._______.~  
Jan. 4.19nB- ............ I 

Feb. 4 1901 ............. 1 

h c .  15. 1901.. ......... - 1  
24-hour rams of less than 1 inch owr tht Rnrwniuih 
on river stogcs beloto 1b.fct.t at Aitgitsta, On. 

[Estimated rke of 8.5 feet per awrage inch of r:thfall.] 
. .  

Esti- 
mated 
stage. 

. . . . . . . . .  - -. - 
I 

- . . 

Initial 
stage. 

_ _  - 
Feet. 

9.1 
8.9 

10.5 
10.3 
7.2 
9.0 
8.5 

10.5 
9.1 

12.0 
10.8 
12.8 
10.3 

Highest 
at:tgo. 

I"rrt. 
13. 3 
1;. 2 
l i . H  
I.;. i 
14.2 
14.2 
17. IC 
16. I1 
17. I1 
17.0 
14. s 
17.9 
16.2 

. . - I- ... I .- - 
Der. 23; 1907.. .......... 2.m 
1)er. 30, 1YO7. ........... 1 LA5 
Fcb. 1. 19R4.. ........... 2.07 
Feb. 10. I'M<.. .......... 2.14 
Der. 22,lQW.. .......... I 2.07 i FreI. 

15. Y 
16.3 
18. i 
l i .  1 
14.8 
14.3 
16.6 
17.3 
16.4 
17.1 
14.3 
17. Y 
16. 1 

M a y  1.1909.. ........... 1.96 
Jan. 29.. l!ll0. .......... _ I  1 1.55 
Mar. 1,'lglO.. ........... 1.51 

Mar. ti, 1912.. ........... 1.52 
Feb. 15,1912 ............ 2.27 

sfems ............ I 1.93 
8*5 I......... Mar. 7; 1909-. ........... .41 

June 30: 1910.. ......... Mar. 2.5 1909 ............ 
1 Reports rovere I two datcs but rain fell in 24 hours. 
1 Slichtlv but nat materiall$.above limit of 2.50 inches in caption of tabla. 
8 Mean for I4 stalions; 7 stations gave mean of 1.72 inches. 

I- ... ........... .......... 5.4 .......... Mean.. 
I I : I  - __ - 

1 Reports covered two dates, but rain fall in 24 hours. 
NoTE.-T& above table embraces only a few illustrative examples. 

TABLE VII.-Eflcct of 2d-hoitr rains of 1 inch to 1.50 riirhcs oi'ci* fhe- Srtroit- 
nah Riiw tcatershfd, on riiw stugrs bclow 16 .fct.t at h p s f n ,  ( in .  

[Estimated rise of 8.5 feet per average inrh of rainfull.] 

TABLE IS.-Effect qf .'&hour rains exceeding 2.50 inches over the 8avan- 
71uh Riwr zc~atershcd, on Pii-er stugcs of 16ffet  and below at Augusta, Ga. 

[Estimated rise based on values In Tabla XI.] 
~ 

EStl- 
mated 
stape. 

- 
Feet. 
2% 4 
31.8 
32.6 
31.3 
33.6 
36.1 

E&- 
Stags 

- 
Fed. 

28.0 
29.8 
31.8 
34.6 
33. 2 

436.8 
-. 

Date. I ::Ex IIighhost 
stage. 

.. !-I-I- 
I 

Inches. 
?. 12 
3.14 

? 3. Ih' 
83.21 
23.31 
2 3.75 

Fert. I 
5.3 

12.6 
16.5 
15.2 ' 
13.9 , 

s.7 I 
Feet. 

22.7 
21.1 
19.2 
1R. 1 
18.0 
22.9 

w2t. 0,lSYl. ....... 
Mar. 26, 1!H11 ....... 
Apr. 3. lYI)l_._.__._ 
Feb. P. 1903.. ...... 
Feb. 8. lW3 ........ ' 
Msr. 15. 1Y12.. .... .! 

Feft. 
21.3 
19.4 
1s. 6 
1s. 3 
31.7 
?4.0 
19.8 
1s. 0 
31.5 
22.3 
21.6 
17.0 
25.7 
33.0 
20.4 
24.7 
20.4 
33.9 
18.3 
22.6 
24.9 - 

........ 

- 
Feet. 

8.0 
9.8 
8.7 
7.9 
8.0 
7.7 
8.1 
i. 5 
7.5 

,- 

Feel. 
8.5 

12.1 
10.0 
10.3 

10. Y 
10.2 
8. 0 
s. 4 

13.0 
10.4 
9.5 

14.4 
11.7 
10.3 
13.9 
13.0 
9.1 
9.1 

11.1 
13.3 

1i.n 

- 
I Inches. Fe ct . 

2J. s 
21.0 
18. s 
17. 6 
21.3 
22.9 
19.6 
16.9 
?o. 4 
2.3.4 
a,. 6 
17. 6 
37.4 
24.0 
21.11 
33. i 
21.4 
24.3 
1s. 4 
24.3 
25.4 

......... 
-_ 

~ ~~ 

.pa,ls92 ........... ~ 1.06 
%.281893... .......... I 1.24 
Apr. 17' 1895 ............ 1.15 
Dec.15:lsWi ............. 1.30 .. -. ..... ~ 

1 After allowin- 8.5 feet per inch of rain to 2Sfoot stage. 
2 Reports c3ve;eJ two dates but rnin fell in 24 hours. 
8 Avera-e for 1.i stations: 7 iave an avemge 013.01 inches. 
4 Soil thbroughly saturated and uncultivated. 

~ . . .~ -  ~ ~ 

A r.1,1697 .............. 
I 

Aug. 21,1897.. ........ .I 
Mar. 1 1900 .............I 
June 2: 1903 ............. 

&J 1,1897 ............. 
0.3 
7.8 
9.0 
9.6 
9.3 
9.0 
9.9 
9.3 
8.9 
8.6 

10.0 
' 9.2 

8.7 

Before attem ting to construct a table on which s h d  

rainfall on any possible initiaf stage (ap roxmately 
in,zsimuni run-off conditions being assumed!, it is nec- 
e:sary to consider rains that fall when the mitial stage 
is already 16 feet or above. Although a glance at Table 
S is sufficient to show the impossibility of establishing a 
law of averages for any of its values, &s was successfully 
done in the tablea heretofore discussed,. such individual 
results in this table as were consistent, smilar data from 

be represented t 7l e stage to be ex ected from any possible 

-1- 
lo.s 1 ......... 

1 Reports covere4 two dates. but rain fell in 24 hours. 
1 Mean for 16 stations; 6 stitions gave m e m  of 1.25 inches. 
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8 feet. ............... 
9 feet. ............... 

11 feet.. .............. 
12 feet.. .............. 
13 feat. ............... 
14 feet.. .............. 
15 feet.. .............. 

io feet.. .............. 

ever, that the resultant stages indicated by the table are 
subject to increases in individual instances when un- 
usually heavy run-off is .anticipated. 
TABLE X X - S t a p . ~ s  normally resultin in the Bavannah R,iver at Augusta, 

Ga., from rainfall over the watershecf, after dedwtingfrom average rain- 
fall an allowance for ground absorption and after adding SO per cent of 
previous day?s average for upper section .ininus absorption. 

1. M) 

16.5 
17.5 

19.5 
20.5 
21.5 
22.5 
23.0 

-- 

is. 5 

6ther sources, and the averages in the first four tables, 
made possible the constructing of a forecasting table that 
is comprehensive and much more reliable than was 
thought possible when these studies were begun. Tests 
in practical river forecastwork have demonstrated its accu- 
racy in numerous histances when river stage and rakfall 
combinations were not matched b precedents, and 
established its superiority over the taphazard 

near precedents as may exist. 

TABLE X.-Effect of 24-h0u.r rains over the Savannah R i w  waterskd, 
on river stages of 16 feet and over at Augusta, Ga. 

[Estimated rlsas based on valuss In Table XI.] 

searching voluniinous records for precedents, or 

Riseto 
t.i?t est 
stage. 

Fs:i- 
mate l  
stage. :&$! 

Esti- 
mated 
riseper 
me of 
rain. 16 feet.. .............. 

17 feet.. .............. 
18 feet ................ 
19 feet.. .............. 
20 feet. ............... 
11 feet.. .............. 
22 feet.. .............. 
23 feet.. ......... __...I 
24 feet.. .............. 
25 feet.. .............. 

23.5 
24.0 
24.4 
24.8 
25. a 
25.6 
26.0 
~4 
26.8 
27.2 

Frrl. 
2.9 
3.6 
0.9 
4.0 
5.3 
9.9 
4.0 

10.1 
5.8 
5.8 
9.2 
3.5 
6.2 
9.0 

-- 
FffI. 

26.3 
27.4 
30.3 
26.1 
23.9 
28.8 
31.3 
59.9 
29.5 
82.0 
?7.2 
26.7 
23.7 
26.8 

Ffft. 
2 21.8 
2 20.7 
2 27.8 

20.5 
'18.6 
119.4 
r24.0 
2 19.0 

23.0 
2 23.1 

18.1 
rg2.3 

17.6 

Feet. 
4.2 
5.3 
1.6 
5.1 
5.8 
6.2 
3.9 
6.1 
4.4 
4.2 
6. 7 
4.0 
6.4 

27 feet.. .............. 
2s feet. ............... 
29 feet.. .............. 
30 feet.. .............. 

26.0 
2% 5 
29.0 
30.0 

31 feet. ............... 
32 feet.. .............. 
33 feet.. .............. 
34 feet. ............... 
35 feet.. .............. 
36 feet.. .............. 

31.0 
32.0 
33.0 
34.0 
35.0 
36.0 

3s feet ....................... 
39 feet ....................... 
40 feet.. ..................... 
11 feet ....................... 

Fed. 
40.0 
42.0 

1 44.3 
1 46.0 

Ralnfall and resulting stages. 

Initial stage. I---- - 
i. 50 

37.7 
87.8 
37.9 ' 

38.1 

38.5 
38.7 
38.9 

39.0 
39.1 
39.2 
39.3 
39.4 

39.5 
39.6 
39.3 
39.7 
39. 'I 

39.8 
39.9 
39.9 
40.0 
40.0 

40.2 
4 a 5  
40.7 
40.9 
41. 2 
41. 4 

- 

38.8 

- 

- 
2.00 

25.0 as. 0 
27.0 

2S.O 
29.0 
29. 4 
29.7 
30.0 

30.2 
30.4 
30.6 
30.8 
31.0 

31.2 
31.4 
31.6 
31.7 
31.9 

31.9 
32.0 
32.1 
32.2 
32.5 

33.1 
33.7 
34.3 
34.9 
35.5 
36.0 

- 

- 

- 
3. M) 

- 
31.1 
31.4 
31.7 

320 
32.3 
32  7 
33.1 
33.5 

33.7 
33.9 
34.0 
34.1 
34.2 

34.4 
34.5 
34.6 
34.7 
34.9 

34.9 
35.0 
35. 1 
35.2 
35.3 

35. s 
36.3 
36.7 
3i. 1 
37. 5 
37.9 
- 

- 
4.50 

35.5 
35.7 
35.9 

36.1 
36.3 
36.6 
36.9 
37.1 

37.2 
37.3 
37.4 
37.5 
37.6 

37.7 
37.8 
37.9 
3S.O 
38.0 

38.1 
38. 1 

3s. 3 
3S.4 

39.1 
3% 4 
39.7 
40.0 
40.3 

- 

3s.a 

3s. a 

- 

- 
5.00 

a6.0 
96.8 
37.0 

37. 2 
37.4 
37.6 
37.8 
38.0 

38. 1 
38.2 

3% 4 
38.5 

38.6 
387 
38.8 
39. n 
3s.n 

39.0 
39.0 
39.1 
39.2 
39.3 

39.8 

40.0 
40.3 
40. B 
40.9 

3s. 3 

39. a 

- 

- 
3.50 

32  9 
33.1 
33.3 

33.5 
33.7 
34.1 
34.5 
34.9 

35.0 
35.1 
35.2 
35.3 
35.4 

35.6 
35.7 
35.8 
35.9 
36.0 

36.1 
36.1 
36.2 
36.3 
36.4 

36.9 
37.3 
37.7 
38.1 
18 5 
3 5 9  

- 

- 
4.00 

34.4 
34.5 
34.7 

34.9 
35.1 
35.4 
35.7 
36.0 

36. 2 
36.3 
36.4 
36.5 
36.6 

36.7 
36.8 
36.9 
37.0 
37.1 

37.2 
37.2 
37.3 
37.4 
37.5 

37.9 
3 5 3  
3s. 7 
39.0 
39.3 
39.6 

- 2.50 

29.0 
29.5 
29.8 

30.2 
30.6 
31.0 
31.4 
31.8 

32.0 
32.2 
32.4 
32.6 
32. S 
32.9 
33.0 
33.1 
33.2 
33.4 

33.5 
33.6 
33.7 
33.9 
3-1.1 

34.6 
35.1 
35.6 
3ti 1 
36.5 
36.9 

- 
1.50 
- 
20.8 
21.8 
22.8 

23.8 w. 8 
25.8 
26.7 
27.5 

27.9 
28.2 
2s. 4 
28.0 
2s. 8 

29.1 
29.4 
29.6 
29.8 
30.0 

30.1 
30.2 

30.7 

31.6 
32.5 
33.4 
34.2 
35.0 
36.0 

3n. 3 
an. 5 

- 

~ 

Date. 
Rise per 
inch of 
rain. 

Feet. 
'I. 7 
2. 8 
0.6 
3. 6 
5.8 
6.5 
2.1 
5.6 
3.9 
2.7 
6.8 
3.2 
6.5 
6.5 

If iihrst 
stage. 

Fret. 
24.7 
24.3 
28.5 
24.5 
23.9 
99.3 
28.0 
29.1 
?A. R 
94.9 
2i.9 
25. Y 
23. N 
24. 8 

A v m g e  
raln. 

July 11 1892 
Aug. Si1894 
Mar 161895 
Feb: 9:1896 
Mar 13 1897 
Apr: 5:1897 
Apr. ?l ls00 
AUK. .8:1901 
Feb 11 1903 
YW' 23'1900 
June 6'1900 
Feb 13'1905 

Jan. r,1908 
oct: j:1w 

Inches. 
11.03 
11.27 
11.50 
a 1.10 
10.92 
11.53 
1 1.89 

1.60 
1.48 

1 2.12 
11.35 
11.09 

0.95 
1.39 

26feet ................ 127.6 

I 

1 Includes 30 per cent of average rainfall in area above Calhoun Falls, S. C., reported 

2 Stiqe'at A. m. duringrainfall cwerins more than one 24-hour period. 
8 Reports covered two dates but rain fell in 24 hours. 

at 8 a m of receding date. 

THE TABLE OF NORMAL RESULTANT STAQES. 

After all known resultant sta e values had been entered 
had been entered all 

sta e3 from 8 feet to 36 feet and along the top each half- 
incE difference in rainfall from 1 to 5.50 inches, theoret- 
ical resultant stages were interpolated where' possible 
and .em irically estimated where inteipolation was 

an$ locato individcal iiiaccuracie3, the values were 
smoothed out by using the run-off equivalents for the 
various stages. The run-off equivalents in cubic feet 

er second for all stages from 10 to 40 feet, as furnished 
gy the United States Geological Surve p were applied to 
the problem in hand, as shown in Tab es SI1 and SIII. 
Only resultant stages opposite &foot intervals in initial 
stages were subjected to this test, and the iutervenmg 
.figures were inte: polated. 

All questions of doubt have been decided for the benefit 
of the public, and for the purpose of making estimates a 
little too high rather than too low. Thus, for example, 
$though the 27 or 28-foot stage will sometjmes carry off 
an inch of rain falling in a distinct %&hour period after 
an interval between rains, yet the 29-foot stage has been 
assignod as the one to be expected to carry off an inch 
without further rise. It should be remembered, how- 

in a table along the side of wiich K 

im ossibe. f To test the general accuracy of the result 

CORRECTIONS TO B E  APPLIED TO TABLE S I  AFTER THE AUQUSTA 
LEVEE IS BUILT. 

[Furnished by Chief Engineer, River and Canal Commission, Augusta, Ga.] 

Present reading. 1 in 11 Present reading. I Readlng levee. In 

I Frct. 
34 feet ......................... I 34.0 
35 feet. ........................ 85.6 
36 feet ......................... 
37 feet. ........................ 38. 3 

I II . I  

1 Estimated. 

TABLE MI.-Discharge in cubic feet per seeond corresponding to river 
sfages in !he Savannah Rizw at Augusta, Ga. 
[Furnished by the United States Geological Survey.] 

l- ll- I- ll- I- 11-1- 
cu.1et-t. I 

lofeet ... 1 0 , m :  
l l fea t  ... 12 2IM 
12 feet.. . 1 4 ' ~ ~ )  
13 feet -. . 17: 200 
14feet... 24I OOO 
15feet ... 23'ooo 
16 Ieet ... L:3M) 
lifest ... 29,800 

Cu.fert. 
feet ... 76,100 
feet... 83 500 

feet. .. 109,m 
feet ... 118,500 
feet ... 1%,500 
feet. .. 139.500 

feet ... 91'500 
feet ... 100:ooo 

Cu. Jfrt. 
33 500 28 

46'500 29 
51:600 30 
57,100 31 
63.000 32 
69,300 33 

37'500 27 
4iS00 25 

31 feet ... 
35 feet ... 
36 feat ... 
37 feet ... 
38feet... 39 feet ... 
40 feat... 

18feet. .. 
19 feet ... 
20 feet... 
21 feet ... n feet ... 
23 feet. .. 
24 feet... 
25 feat ... 
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River 

Fret. 
10.0 

18.5 
22.8 
2 7 0  
2 i 8  
31.7 
33.i 
34.1 I 
35.9 
37.0 
37.9 

15.0 

23.0 
27.5 
30.0 
31.8 
33.5 
34.9 
36.0 
37.1 
35.0 
3 8 9  

20.0 

25.2 
28.8 
31.0 
32.8 
34.2 
35.4 
36.6 
37.6 
38.5 
39.4 

TABLE XIII.-Inmase in nin-oJ Tn tubw f w f  pcr second at Ariprta, 
Ga., rtaulliligJicm 24-lcur ,cinjdl OW!’ fht. SuzLnnah R1vcr.u atmhtd. 

Run-off 

sec!:Ld. 
-- 

Cu. frct. 
10.000 

35.530 
56.000 
83500 

107:aOO 
125,200 
143 200 
l61:200 
179 200 
19?:#x, 
215,200 

23.000 

57.100 
87,500 

109,000 
127,000 
145 000 

181.000 
199;000 
217,000 
235,000 

41,800 

70,700 
98,300 

118.500 
136,500 
154,500 
172.500 
180,500 
203,500 
226,m 
244,500 

................ 

................ 

163:000 

................ 

- 

Rain. 

- 
Inches. 

0.50 
1. (M 
1.50 
200 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.30 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 

0.50 
1.00 
1.60 
2.00 
2.50 
3.00 
3.50 
100  
4.50 
5.00 
5.50 

....... 

......I 

_.. 
....... 

- 

4.50 

6.1  
5.9 
;:; 
5.4 
5.? 
5 .1  
4.9 
4.7 
4.5 
4.3 
4 . 1  
3.9 
3.7 
3.5 
3.3 
3.1 

?. t 

2.5 
3.! 

5.W 
-- 

5.; 
5.6 

5.1 
4.9 
4.8 
4.6 
1.4 
4.2 
4.1 
3.9 3 . ,  
3.5 
3.3 
3.2 
3.0 
2.8 
2.6 
5.4 

I 

1.50 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.3 
7.8 
7.5 
7.0 
6.4 
5.9 
5.4 
4.9 
4.4 
3.9 
3.3 
2.7 
2.1 
1.5 
1.0 
0.5 
0.4 
0.3 
0.3 
0.1 
0.0 
0.0 

Hhn-oR 

second. 
Der 

Cu. feet. 
69,300 

85, ooo 
109, MI0 
1?7,ooO 
1 4 5 , W  
163, ooo 
181,000 
198,ooO 
217,000 
236, 000 
253,000 

lo$,ooO 

109.000 
116. OOO 
134.000 
152, Ow) 
170. w) 
19.8, ooo 
m,ouo 
2 2 4 . m  
243. Gin 
2x0. uoo 
165, OOO 

165.0011 
165, WO 
li5,nlMJ 
l%Y,IXIO 
207, ooo 
325. ouu 
243,000 
261.WO 
279. Ullo 

......... 

......... 

......... 

297, ooo 

2.00 
-__ 

8.5 
8.5 
8.5 
8.5 
8.5 
8.2 

r.5 
7.1 
6.7 
6.3 
5.9 
5.5 
5.1 
4.7 
4.3 
3.8 
3.4 
3.0 
2.5 
2.0 
1.6 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 

l . 8  

ncwm 
riin-oR 

per 
secund. 

ru. fcel 

15,800 
24.000 
1 s . m  
IS, ooo 
18. 000 
18, ooo 
1s. 000 
1S,000 
18,000 
IS, ooo 

- 

........ 

........ 

Sfeet ................. 
9feet ................. 
10 feet. ............... 
11 feet ................ 
11 feet. ............... 
13 feet. ............... 
14 feet ................ 

........ 
00,m 
7. o(10 

1 8 . W  
18. ouo 
18,ouo 
18. ooo 
18.ooO 
18. ooo 
18,010 
18,W 

8.5 
5.5 
8. 5 
8.5 
8.5 
8.5 
8.5 

TABLE SIV.-Nornial rise fn the Savannah Raner at Azigmfn, Go., .p<r 
average inch of rainfall o w r  the uratashed, in 24 hoiirs, U ~ L  the sot i a  
moist. 

[Values derived from Table XI.] 

7.7 
7.5 
7.2 

;:: 
6.6 
6.4 
6.2 
5.9 
5.6 
5.3 
5.0 
4.7 
4.5 
4.2 
3.9 
3.6 
3.3 
3.0 
2.7 
?.4 
2.1 
1.s 
1.6 
1.4 
1.2 

-- 
7.1 
6.9 
6.7 

::; 
6.0 
5.9 
5 . i  
5.4 
5.2 
4.1) 
4.7 
4.4 
4.2 
3.9 
3.7 
3.4 
3.1 
2.9 
2.6 
?.3 
3.1 
1.8 
1.7 
1.5 
1.3 

~~ 

23 feet ................ 3.4 

%feet ................ 2.- 
26fWt ................ i 1.6 
27feet ................ 1 1 . 0  

24 feet. ............... 2.2 

28 feet.. .............. 
3feet  ................ 
30feet ................ 
31 feet.. .............. 
32 feet.. .............. 
33 rest.. .............. 
34 feet.. .............. 
35feet ................ 
36 feet. ............... 

0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Rainfall, Inches, and Rise In feet per inch of rain - 
2.50 
- 
8. 4 
8. 2 
7.9 
7.7 
7.4 
7.2 
7.0 
6.7 
6. 4 
6.1 
5.8 
5.4 
5.1 
4.8 
4.4 
4.0 
3.7 
3.3 
3.0 
2.6 
2.3 
2.0 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
- 

- 
4.00 
- 
6.6 
6.4 
6.2 
6.0 
5. 8 
5.6 
5.4 
5.2 
5.0 
4. 8 
4.6 
4.4 
4.2 

3. ,  
3.5 
3.2 
3.0 
2. 8 
2.5 
2.3 
3.1 
1.9 
1.7 
1.6 
1. 4 
1. ? 
1.1 
0.9 

3 .9  

- 

5.53 

5. 4 
5.2 
5.1 
4.9 
4. 8 
4. ti 
4.5 
4.9 
4. ? 
4.0 
3.9 
3.7 
3.5 
3.4 
3.2 
3.0 
2. 9 
2. i 
2.5 
2.3 
?. ? 

l., 
1.5 
1.4 
1.3 
1. I 
1.1 

2. n 
l.! 

- 
ABSORPTION OF MOISTURE ‘BP THE SOIL. 

Absor tion varies with ground condit,ions as to niois- 
ture an a cultivation, and with rate of rainfall. Slowness 
of rain on moist or even wet soil causes largc reductions 
from the surface run-off, and on loose soil that is eit,her 
dry or only sli htl moist such rain will be almost 
entirely absorbei: H e a w  rain on any kind of soil has 
a relatively high ercentage of run-off, particular1 
a hilly country SUC 7l as that in the Savannah waters i ed i: 

I t  is occasionally coninientd upon by those famib.ar 
wit.h the pectiliarit,ies of t,he river, that with similar rain- 
fall a greater rise often occ.urs from very dry soil than from 
soil reviousl dampened by precipit,ation after a long dry. 
srlf This &scloses an interesting truth regarding the 
u sorption of moisture by the soil. As hidtsoe, in 
“ Dry Farinin ” exp-.esses it, “very dr7 soil and mois- 
ture repel eacf ot,her.” The rinciple is illustrated by 
the faniiiiar esperiment of %chg a dry s onge and 
nioist sponge in water a t  t t: e same time: !i he moist 
s Ionge IS instantly saturated, while t’he dry one takes in 

litkle time. 
From niensurenients made by the Bureau of Plant 

Industry, it. appears that escessive recipitation should 

of 1at.e spring and enrly suninier than from the dr 
laid-by land of 1nt.e summer and early autumn. 
Briggs and J. 0. Belz, in Bureau of Plant Industry Bul- 
letin No. ISS, report niensurenients in Utah which show 
that! durin a heavy rain of 3.5 inches in four hours, 

of t.he down our t,liat it! absorbed only 0.5 inch, or 20 

which was dry and contained many surface cracks, ab- 
sorbed 1.5 inches, or 60 per cent.. From other expen- 
nient.s report.etl by t,he same writ.ers it appears that this 
loss of SO per cent on t,illecl land is an extreme case, but 
t.he flow would be heavier from t.he slopes of the Savan- 
na.11 Valley farins t.liaii from t,he level land on which the 
re >ort,ed esperinient,s were made. 

h n y  rains areraging more t,lian an inch for the water- 
shed sre negligible so far as the forecast.ing of river stages 
of 1s feet antl oyer is ccincernetl. Averages, es ecially in 
warm w-ent.her, must usually be subjected to re K uctions of 
from 0.25 inch to 1 inch before being carried to the above 
given forecasting t.able. When an additional redudon 
must, be allowrd in the est,imated rise on account of erratic 
clist,ribution of summer showers it is often found to be 
unnecessary t.o malie an off:cial prediction on rains t,liat, if 
dist.ributed generally would give a high st,nge. 

On blic niorning of Sept,eniber 23, 1597, t.lie rainfall re- 
port .~ avernpetl 2.22 inches of mill, which had fallen at a 
&end?- rate for nearly 24 hours on very-dry soil. The re- 
sult.ing rise in t$e Savannah at. Augusta was equivalent to 
the t.heorrtica1 rise on only 0.93 inch of rain. The 3.51 
inches of rainfall report,ed June 13, 1906, produced only 
such a rise as ~vould follow 1.46 inches. of rain falling at  a 
norninl ra.te on moist soil. Thus it is seen that heavy 
rains falling nt n steady rat,e may be largely absorbed by 
a t,hirst,y soil. 

To at.t.enipt, t.o lay down fixed rules for allowances to be 
made for ground absorption w-oulcl be useless. A little 
experience and t,he hiowledge and trained judgment of a 
ierson faiiiiliar wit.11 nieteorologicaJ. work are essential. 
buch depends upon t.he season of the year, the character 
of t.he weat,lier as to temperature, cloudiness, wind, and 
light rains, antl the condition of thesoil as to cultivation. 
Thc records should be carefully st.udied by the forecaster. 
Table S V  and diagrams on file at  Augusta are de- 
signed to supplement a careful perusal of the daily rec- 
ords. It. has been found that t,he river gage readings at  
Cnrlt.ou, Ga., and Calhoun Falls, S. C., are sonietimes 
he1 Iful. 

?t may be well t.0 comment at this oint on the fact that 
deficient river rises from slow rainfal r on saturated soil are 
followed by gradud ret,urn t.0 nornial stages. Occasion- 
ally this delayed run- off, which is probably partly surface 
flow and partly groundwater flow, combines with t4he rise 

t I ie wat:er slowly at  first and is not saturated for some 

give a heavier surface run-off from t 7 ie dust mulch land 

summer-til f et1 land was so quickly packed by the force 

per cent of t. t: e wat.er, while adjacent wheat-stubble land 

L. 
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t i  ti 
8. s 
15.9 
10.9 
s.0 
3.6 
10.0 
6.0 
4.4 
6. 1 
5.7 
2.2 
7.8 

2.7 
3.6 
6.7 
6.4 
4.6 

a 3  

from rains a day or two Inter and gives a stage somewhat 
higher than would otherwise 0cc.w. In a few illstances it 
has. been sufficiently pronounced to delay by as much as 
24 houk.khe highest stage following a 24-hOur rain. In 
such cases tlie crest agrees closely with that indicated by 
the. forecast table, a deficient 24-hour rise being nug- 
mentad by the delayed run-off. 

1'2.4 
160 
27.5 
16.6 
12.5 
8.6 
15.5 
11.8 
17.2 
19.6 
127 
11.4 
17.R 

13.7 
16.1 
16.4 
15.9 
143 

19.8 

.EFFECT OF RAINFALL DISTRIBUTION ON THE HEIGHT OF 
THE FLOOD CREST. 

In selecting stations that are to report rainfall for river- 
stage forecasting it is of the utmost importance to main- 
tain at  all times a consistent horizontal tlistrilmtion. 
This does not mean that the stations should be equiclis- 
.taut,. for in such an arrangement t,he drainaxge areas of 
major importance woulcl be given the snnie weight as rel- 
atively insignificant nreas. Over basins clrainetl by larger 
.and more numerous streams more st.at.ions. should be 

laced than over those of lesser importance 111 accuinu- 
fating and discharging the surface run- off from rainfall. 
This work properlv and thoroughly doiie disposes of the 
qaestion of rainfall clistribution so far ns the importance 
of one station over anotalier is concerned and incident,ally 
eliminates .from the problern all consideration of topog- 
raphy and other physical pcculia.rities of a perniaiient 
character. 

When.it is stated that t,he tlrainsge bnsin of the Savan- 
a a h  River above Augusta must be ilivicled into two sec- 
tions, :from one of which the crest re~ches Augusta in 
from 18 to 24 li,ours and froin the other in about 40 to 4s 
.hours; it is a% first difficult to see why the stations in the 
Bectioil above ' CaJhoun Falls shoultl be given the mine 
individual weight in computing the iise to be expected 
from a 24-hour rain as are the stnt>ions over ,the area. from 
which the crest reaches Augusta in much less time. How- 
ever7 experimental forecasts in which the upper stations 
are ignored nearly always result in a decided loss of 
accuracy. 

It appears that the run-off from heavy rains in the 
upper section of the watershed supports the water in the 
neighboring portions of the streams, and, by preventing 
it from flattening out, contributes indirectly to the ulti- 
mate stage. When there is no such support, the maxi- 
mum stage a t  Augusta is lower in proportion. to the clefi- 
ciency of .precipitation in the upper section. When 
prmipitation is decidedly heavier in the upper section 
than in the lower, its volume is sometimes sufficient to 
continue the rise beyond the usual time and give a crest 
higher than that indicated by the average rainfall for the 
watershed. Such an occiirreiice is somewhat rare, but it 
may be anticipated by adding to the average for all sta- 
limns 30 per cent of the difference between the average 
for the up er,stations and the average for all stations. 
. From w R a t  has been said it is obvious that when gen- 
eral rain falls over the Sttvannah Valley the stage to be 
predicted. can, be determined without ap lying to the 

an allow- 
.ante e: or hbsorption by the ground. This is true even 
-though tbere be wide differences in the amounts a t  the 
variwa stations: 
; %q&ly, bowever, summer showers do not clistrib- 

ute . themselves.. enerally over the watershed, and the 

oat,ikelfta,&ing. Tli~y'follow no rule such as has been 
ezpIained.for general raidall, and it is always necessary 
~a determiw VIS' n e d y  as possible to what extent the 
&'hibutiblE.j8 ,erratic. 

*vera e rainfall any modificat,ion other t i an  P 

--off from wice f areas may be either insignificant or 

Moist. 

%k: ... do ... 
Dr ... &:: ... do,.. 
Molst. ... do ... ... do... ... do.. 
Dry ... 
Wet ... 
Molst. ... do... ... do ... ... do ... 
.D'&:: ... do... 

When the rains have fallen long enough before the 
reiceipt of tlie reports for the water to have taken effect 
a t  Carlton ani1 Calhoun Falls, the river readings at  those 
points are veiy helpful. I t  has also been found of assist- 
ance to utilize the reporta from cotton region reporting 
stations. A knowledge of general meteorological condi- 
tions as shown by the daily weather map and an under- 
standing of the significance of those conditions are 
re uirecl. 

%he above-mentioned aids in determining the character 
of the ilistribution are, however, merely supplementary 
to the following rules, which have been ascertained by 
prsc tical esperience, though the river-gage relations are 
often of almost equal importance and are sometimes the 
main deciding factor. 

These rules are applicable only to erratic summer 
thunclerstornis. 

1. When the average rainfall is 2 inches it is very rarely 
dvisable to reduce the estimate on account of irregulan- 
ties in distribution. 

2 .  When the rainfall averages 1.50 inches or somewhat 
less : 

(u.) When only 3 stations in 10 have less than 0.50 inch 
the distribution should be considered general and no 
allowance made for erratic distribution. 

( b )  When 3 stations in 10 have less than 0.50 inch 
tillow three-fcurths to full value, after making allowance 
for ground absorption. 

(c )  When 4 or 5 stations in 10 have less than 0.50 inch 
a.llow for a rise of only one-half value, unless 2 or more of 
the other stations have 3 or more inches of rain, when the 
estinint,e shoulcl be threefourths to full value, in the dis- 
cretion of the forecaster, d te r  making allowance for 
ground nbsori, tion. 

Before closinfa the subject of rainfall distribution it may 
be well to mention the fact that when one or two stations 
in the upper section of the w,atershed report 3.50 to 5 
inches of rain that is a.pparent,ly local in character the 
heavy downpours are at  times of sufficient extent to cause 
8 moderate rise that culminates in Augusta in 40 to 48 
hours. In order to anticipate such rises, it is necessary 
to have the river stations report stages at  5 p. m. and the 
next S a. 111. 

TABLE ?iV.-EJcet of .ground absorption and slow and erratic rum-o 
thc rrlution betuipcn 24-how rains and river stages at drcguata. &.On 

(Nurmxl rise ppr inch of rain, 8.5 feet.] 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 

slow. 
showem. 
Steady. 
Showers. 
Steady. 
Showera. 
S W y .  
Do. 

She-. 
Do. 
Do. 

:\ 11- 
sorp- 
t.lon. 

I 

ere. 

'riches. 
0.5; . 3.5 
.31 
.30 
..Is 
. .-fl . 1.5 
.45 
.ti5 
1.30 . 85 
.65 .a 
.50 
.27 
.36 
.93 
.30 
.47 
.87 .u 
.ai 
1. OS 
1.00 

__ 

.3n 

-I --I -- 
Fed. Frtl. 

9.5 
1.;. 3 
5. d 
T.0 ' 
I;. 5 

5. x 
i. 2 

4.5 
5.0 
8.5 
6. S 
13.5 
7. 0 
9. 2 
10.0 
11.5 
11.0 
12.5 
9.7 
9.5 
9, I 

I?. n 

l!. 4 
a. I 

ia s 

15.2 
I). I 
10.9 
13.8 
13.3 
10.9 

19.4 
11;. 3 
1s. 9 
12 6 
15.5 
9.0 
7.6 
8. 4 
a 1 
10.0 
10.2 
12.3 
10.1 
7.13 
11.5 
15.6 
13.1 

io. n 
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St  e 
a 3  

a. m. 

_--- 
Feel. 
23.5 
34.7 

17.0 
26.2 
31.0 

8.3 
13.9 
15.8 

9.6 
1d.2 

6.5 
10.1 

9.3 
25.0 

$ideration began to rtffect the river, eveii t.liough them is 
already R coikderable increase in the river stage. 

4. When rainfdl reports are received for an additiond 
%-hour period and t.he river stage is lower than indicated 
by the rainfall rep0rt.s of the previous niorning, base the 
forecast on the S a. 112. stage, unless there is reason to  
believe tlie rise from the rains re orted the previous 

5 .  d i e n  the S ti. in. stage esceeds the estimate based 
oil t.he report,s of the revious niornin , and the excess 

w i t t d  by the current reporbs, use the 8 a. m. stage as 
the basis of the estiniate. 

6. nlien the 8 a. 111. stage esc.eeds the estimate based 
on the rep0rt.s of t,he previous morning and the excess 
rise is chargeable t.o t>he rnins represented by the currbt  
I ' P ~ ) ~ ) T ~ s ,  use ns the basis of est,imate the theoretical stage 
iriilicatetl by the reports of the preT-ious morning. 

'7. When Iinndling special rainfall reports, i. e., reports 
of observations t,aken at. any ot.her hour t.han ,S, a. ni., it 
is iisunlly ntlvisnble bo add t.0 the average of the special 
'i'cports 30 per cent, of the S a,. in. average for .ihe upper 
soction of the watershed and base t.he computation 'on 
the theoretical est.iniat.e resultingfroiii t,he 8 a..ni; report,br 
It. is, however, soniet.imes bet t>er to considey'. .the rain 
tluring t.he interrnl between S a. in. and the hour of the 
special obscirvtit.ion a cont.inuation of the rains reported 
at. 8 a. 111. nnd trrcnt. tlie suin of tlie.t,wo averages as rain- 
fall  within 24 hours. ii coniproiiiise between :t.hesg two 
nic.tliotls nitiy Iw rcsl.)rt.ed t.o in case of doubt: . 

TABLE xvI.-Eflrct of r f l i n f d  owr lhf ir&cltcrshed i n  truo nrore:9#- 
. 

[Estimates of rise limed on 'Fable SI :%Iter deducting pllowances for OUWl absorption 

. 

iiiornin has not approsimtttely reac !/ led it.s crest. 

risv can not be charge# to the effect o 7 the rains repre- 

hour .prriods oh. Sui-atriinh R i i w  stages ut dugrtsta, ,4. 
nua-1 slow :wi erratic riin-ofi from rainfall averages.? . , 

-- 
Esti- 

mated 
stage. 

- 
Feet. 
3?.7 

139.2 

26.2 
31.0 . 31.8 

12.7 
118.3 

27.1 

16.7 
125.3 

10.1 
27.0 

15.9 
130.5 

TABLE XV.-Efect of ground abwrptwtr wid shw und rrratic I W I L - O ~ ~ O I L  
therclatiotL between 24-hour rains und+xrstuges nt Augustn, Gu.-Con. 

__-- - . - - 

Feb. 1?.lR93 _ _ _ _ _ . _ I  0.41 
Feb. 1 3 , l W  ....... ! 1 . W  

nec.11.1*04 ....... I 0 7 1  
I?ec.12.189.l ....... 1 1 . 8 1  

Jan.9.1895 ........ 1.4i 
Jan. 10,1895.. ..... 2.5; i 

I) 
0 

0 
.53 

.50 

.30 

Mar. 13 1595 _ _ _ . _ . _ I  0.65 
~ a r .  1.r:isn.i ....... 0.74 
Id&. 15, 1195 ....... n.99 
Mar. 16,1S95 ....... 1.24 

JnIy 7.16 W... .. ...I 1.W 
Jnly <. ISBC,.. ..... 3.34 
July9.1886 ........ 1.59 

Mar. i ? , i ~ g i  ....... I n.m 
~ 3 r .  13.1R97 ....... n.55 
Mar. 14,1697 .......I 0.96 

0 o 
0 

.50 

1.00 
1.%2 
0 

n 
n 
0 

I . -.__, __ __ 
I -- 

Sliuwrrs. 
,steady. 
SlO\V. 

Do. 
Showers. 
Steady. 
Showers. 

Do. 
DJ. 

St,eadr. 
Showks. 
Steadr. 
Sho\v&s. 
Ytradr. 
Show&. 
S tn1dv. 
Siiowbrs. 

Ytc;1dy. 
I>.,. 
1) 1. 

BlliJ\vrr~. 
D d .  

s1o\vV. s trsdy . 
D J. 

Blow. 
Stt'ad!'. 

n o .  

D J .  
1)J. 

, - 1  
Feet. I 

13.0 Dry ... 
19.9 . ..do.. .. 
18.8 Moist .i 
12.7 Dry ...I 
13.0 . ..do.. . i 
21.0 ... do .... 
18.5 ... do ...! 
21.1 Moist. 
18.5 .DIJ:..\ 
E:; 14.2 :::&::I Moist. 

15.6 Drf ...; 
13.5 YO S t .  
12.6 Drv ...I 
12.4 hroist .! 
20.5:...do...' 
1s. 8 . .  ..do. .. 
11;. 9 Drv . .  .! 
13.2 1 .  .. ll" .... 
IS.1 .... du ...I 
13.5 i...dO...I 
17.S Moist. 
13 G . Drv ... : 
15:4 ' Mdst . 
13.5 . ..do.. . I 
3.6 \Vet ...' 
3 . 2  .... do... 

15.9 .. ..do .... 

IQ. 2 ;...do... 

Inches. 
Jan. W 1W.. _ _ ,  1.26 
1)ec. 3: ~ f i . .  ... 2.50 

Mai2j,lsMi ...I 1.30 
June 13, lsori.. . 2 51 
Jiily9.1YlH ....I 1:36 
Julv 15 lsori ... 1.W 
.Iulj 30: 1W; .. .I 1.07 
dpr.  23.1907.. .I 1.73 
.June 1 1907.. _ _  1.20 
June 2 i  Mi.. . I 1.57 
Sept 2i'lWi ... 1.49 
hIar.'2l:l W... i 1.17 
June 15 1906. .. 1.00 
Nor.  14'1908.. .. 1.11 
~ u g .  3 . i ~ .  .. .! 1.76 
Bept. IS, 1W9.. . 1. W 
Oct. 13.1 W... 1.43 
.\pr. 17,1910 ... 1. i 6  
Ort.  s, 1910 .... 2.04 
Mnr. 2;. IYll.. . 1.14 
.\pr. S,1911..__ 1.U2 
July 14.1911 __. 1.23 
OCt.. 22. l Y l l  . . 1.58 
Oct 25 1911 ... 1.17 

.Inn. 9.lY12 .... 1.26 

.1:itI.30,1912.. _ _  1.9; 

I ) ~ . ~ , I w  _.__ 1 1.i9 
Yay i l9OIi.. ... 1.12 

sod. 7'1Yll _. . 1.10 
s0\-.0:1911 .... 1.49 

Feet. ~ 

6.0 
%.6 ! 
9.0 ! 

7.3 ! 

10.0 

S O  

7.5 I 
5. Y 
9 5  

S I 5  

11.9 
8.3 
8.2 

13.2 
6.4 ' 

8.7 

13.5 I 
10.R ! 

7:s i 

8:s j 
1 0 1  I 

1c.y , 

8.5 I 
7.0 I 

Y.2 I 

I . 0  , 

Fett. 
10.9 
21.2 
15.2 
9.5 

11.0 
21.3 
11.1 
14.4 
9.4 

11. 7 
10.2 
13.3 
12. i 

8.5 
9.4 

15.0 
9. 0 

12.2 
15.0 
IT. 3 
9. 7 
8. 7 
9.4 
13.4 
12. 5 

9 . 9 , .  

Feet_ 
13.9 
10. 2 
3.7 
4.8 

12.2 
8.5 

12.0 
i. 2 

1:. 5 
1.2  
6. 7 

4.3 
4.0 I 
3.8 ! 

s. 6 

7.2 I 

4. Ij 

i. 2 

s.4 
14.0 ! 

10.4 i 
3.9 I 
i . 0  : 
I.,. 0 I 

c.5 I 
.L11 

. ._ . 60 . 70 

.74 
1.05 
.35 
-2s 
.22 
.35 
.35 . 7s 
.32 
.65 
. B  
.65 
.M 
.58 
.44 
.95 

.45 .s 

.62 

.35 

.Bo 

.25 

.32 

1. m 

. E 

.1J 

................ 

ESTENSION OF THE RIVER FORECAST RCHEM E BEI-ONI) 
ONE 2-k-IIOUR PERIOD. 

When rain occurs on t,wo or niorr successive ilnys it  is 
necessary on the second and subsequrnt clays t o  ntltl t.o 
the average rainfall for till of t,he st.ations 30 pep ccnt. of 
the average re orted froni tlie upper section on tlic p r ~ -  
rious day. d i e n  it. is necessary t,o mnke allwvnnces for 
ground tibsor t-ion and for erratic run-off, such nllow- 
mces should fi e applied to t$e avernges before any other 

are at,t.enipted. To cletwniine the averiige 
section t,he ra.infnl1 nierisi1renicnt.s for CHI- 

C., Carlton, Gn., Andwson, S. C., Gills- 
vilte, and Toccoa, Ga.., are used. 

The a plication of the rule in practice is exemplified in 
Table S I; I, in w1iic.h coniputat,ions. are given for all long 
rains t,liRt have resulted in st.ages of 25 fed. or over si i ic~ 
the beginning of the record in 1893. Through good for- 
tune, averages for four escellentlg dist,ribut.erl st,a tioils 
are also available for the lSSS freshet, the stations bein 

Toccoa, Ga. 
The following comments and rules are of ut.most ini- 

portance in handling river forecast work a t  Augusta.: 
1. When more rain is e s  ecbecl to fall during t,he day, 

the morning reports, but.when the river is above 15 feet 
or when there is R posaibilit,y of. gencrnl henry rains, 
special observat,ions should be t.elegraphed from all st,n- 
hens at 3 p. in. or 5 p. m., or bot.11. At tinies the river 
responds so quicklv to t.he rainfall t,hat it  is no.ensy niat- 
ter, even by t.lie liberal use of s ecial observations, to 

2. It is import,ant to distinguish between rains occur- 
ring in two separate 2.Li-hoiir eriods and t.hose fillink 

a. m. A coniproniise is occ.asionally advisable, especially 
when the rainfall is continuous. 

3. The first estimate should alwavs be based on t,he 

Augusta, Ga., Washington, Ga., Greenwood, S. C., an $ 

froni 1 to 3 feet may be a c f  ded bo the estimate based on 

make a forecast that shall be bot R timely and accurat,e. 

within 34 hours though. partly g efore and partly.after 8 

-_ . .- ............... - - 
! I 

- 
Plus 

30 per 
cent 
last 

ipper. 

hchcs 

4.40 

1.76 
1.55 

0. w 
1.34 

1.23 

0.95 
1.99 

2.09 

0.86 
1.24 
1.00 

2. (w1 
1.61 

0.92 

-- 

. . . . .  

...... 

...... 

...... 

...... 

...... 

. . . . .  

...... 

...... 

...... 
1.52 

1.09 
...... 

-- 
Aver- 

iertion 

age, 
upper 

. -_ 
Inchre. 

1.40 
1.46 

1.04 
2. os 

0.29 
0.31; 
1.51 

0. ti7 
1.92 

1.04 
2.57 

1.5i 
1.90 

0. i 9  
0.90 

0.96 

1.60 
1 . S  
1.16 

1.24 
0. B1 
1.15 

0.57 
1.80 

2.17 
2.94 

n. $7 

n. as 

- 

[nitial 
5tage. 

- 
Feet. 
23.0 

17.0 

...... 

...... 

---- 
I ! I Aver- i~hsorp 

Date. ~ age ' tion. 
i rain. ~ etc. 

I--,- - __  -- 

righest 
stage. 

- 
Fctt. ....... 
.38. 7 sept. 10, lS88.. ... 

Jan. 16, 1892.. ..... 1.43 . .19 
Jan. 19,18E ....... i 1.45 ~ 0 
Jan. 20.1892 ....... I 0.94 I 0 

....... 
32. R 

8.3 ...... 
...... 

9.8 

Mar. 24. 1892.. ..... n. 52 1 n 
Mar.25 lS92 ....... n.57 0 
Mar. 21: 1692.. ... ..I 1.76 I .53 

....... 
26. I 

25.4 

26.2 

30.6 

....... 

....... 

....... 

6.5 

7.7 

11.6 

...... 
....... 
....... ....... 

2R. 5 
..... 
...... 

6.3 ...... 
........ 

11.2 1 i . 9 :  ........ 
18.6 23.9 ........ 
23.9 I 26.6 I 26.6 

11.2 
...... 
...... 

17.7 
..... 
15.3 

3 28.4 

17.7 I 17.7 bpr. J, IW7.. ..... 
Apr. 5,1897 

Sept. 2,1894 

. . .  

1 Fstirnated rise based on theoretical estimate from rainfall reaorted at 8 8. m. of the 
previous dav 

Shortage prohably due to extremelv er&c rllstrlbiition of rain. 2 A 31'-1001 stnee was predirted on Julv 6.1RW. and seems to have been comrvatlvc. 

a Rlver rose to 29 feet in early mohing of Sept. 2.1598, fell to 28.4 a t  8 a. m.,and row to initial stage, i. e., the stage before the rains under con- ?g feet on the 3d. 



6a MONTHLY WEATHER REVIEW. JANUARY, 1914 

Aver- 
age, 

upper 
mtion. 

- 
Inche8. 

0.77 
1.12 
1.55 

0.61 
0.91 
1.50 
2.16 

0.95 
1.17 
0.64 
1.95 

0.93 
0.84 
1.14 
2.49 

2.23 
2 . i8  

0.48 
43.37 

0.i2 
1.33 
1.75 

0.84 
0.91 

0.75 
1.00 
2.17 

0.86 
2: 29 

l . 4 i  
1.23 

3.41 
0.62 

0.79 
0.36 

1.3ti 
1.27 

0.m 
0.83 

1 . l i  
1.15 

3.09 
3.93 
3.52 

1106 
0.62 

0.39 
0.96 
0.79 

2.33 
2.12 

1.07 
2.72 

0.88 
0.74 

0.66 

0.56 

0.7s 
1.16 

TABI~E XV1.-E ect of raiqjall over the watershed in two or more 24-how 
perioda on B avannah Kava stagee at Augwta, Ga .4on t inued .  

Initial 
stage. 

__ 
Feet. 

14.5 

....... 
8.4 

....... 

....... 

....... ....... 
9.0 

....... 

....... 

....... 
8.4 

....... 

9.0 
....... 

9.3 

11.4 
....... 
....... 

13.3 

....... 

....... 

....... 

....... 
11.6 

....... 

....... .............. 
14.5 

....... 
13.0 

....... 
8.3 

16.9 
....... 

13.3 ....... 
11.0 

14.0 
....... 

11.5 

....... 

....... 

....... 

....... 
13.6 

....... 
23.0 

....... 

....... 
10.8 

9 .4  

....... 

....... 
16.8 

....... 
9.6 

13.4 

.............. 

.............. 
14.3 

....... .............. 

Aver- 

rX. Date. 

Feb 5 1888 ........ 
Peb: 6: 1899.. ...... 
Feb. 7,1888.. ...... 

Inched 
0.66 
0.80 
1.92 

Feb 10 l9iM ....... 0.71 
Feb: 11’ 18M)... .... 0.87 
Feb. 12: ISM). ...... 1.50 
Feb. 13,1900.. ..... ‘ I  1.84 

Apr. 18 1900 ....... 
Apr. 19: 1900... .... 
Apr. 20 1900.. ..... 
Apr. 21: IW...  .... 
May 19 1901. ...... 
May 20’ 1901 ....... 
May 21: 1901.. ..... 
May 22, lsOl.. ..... 

0.w 
1.72 
0.95 
1. 

0.89 
1.27 
1.13 
1.79 

Sept. 17 1901. ..... 
Sept. 18: 1901.. .... 
Dec. 28 1901 ....... 
Dee. 29: 1901 ....... 
Jan.31 1902 ....... 0.iO 
Feb. 1,’lsCn.. ...... 1.31 
Feb. 2,1902. ....... 1.86 

1.53 
2.W 

0.71 
4 1.76 

‘ 1. 18 
Mar: 17: 1902::::::: 1.01 
Mar 16 im I 

Feet. 
18 
20 
21 
22 
25 
26 
28 
29 
30 
31 
32 
33 
34 
37 
38 

I ~~ 

Feet. 

27 
a p !  . 3 2 ,  

36 : 
37 i 

39 
Z i 
40 I 

Mar. 21,1903 ....... 
Mar. 22 1903 ....... 
Mar. 23: 1903.. ..... 
Mar. 24, 1903. 

Feb. 1” 1W5 ....... 0.89 
Feb. 15: 1905.. ..... 0.85 

0.73 
0.98 
1. s? ............. 

Mar. 19.1906 ........ 0.S 
Mar. 20,1906.. ..... 1.22 

Mar. 29 1903 ....... 
Mar. 30: 1903.. ..... 
June 5 , l  903... ..... 
June 6,1903.. ...... 
Aug. 8 1904 ........ 
Aug. 9: 1901 ........ 

0.75 
1. S2 

1.12 
1.07 

2.S4 
0.59 

Aug. 24 190s ....... 2.23 
bug. 25: 1908 ....... 2. Sf 
bug. 26, 1808... .... 2.61 

Feb. 10, la.. ..... 
Feb. 11.1908.. ..... 
Mar. 23 1808. ...... 
Mar. 24: 1W.. ..... 

Feb. 22 1909 ....... 0.78 
Fcb. 23: 1909.. ..... I 0.93 

0.80 
1.01 

1.10 
1.40 

~ a r . 1 2 , l W  ....... ‘ 60.68 
Mar. 13 1939.. ..... 1.M) 
Mar. 14: IW.. ..... 0.64 

nee. 21 1911 ....... 
Dec. 22: 1911.. ... ~. 
Apr. 21,1912.. ..... 
Apr. 22,1912.. ..... 

lune3,1909.. ...... 1.74 
June4,1909 ........ 1.89 

1.03 
4 2.m 

1.05 
4 1.24 

Jan. 24,1913.. ..... 0.46 
Jan.  25,1913 ......_I 1.15 

Feb 38 1913 ....... 0. i6  
Mar: 1,\913.. .. ....I 1.41 

Mar. 13,1913:.. .... 0.79 
Mar. 14,1913.. ..... 0.91 
Mar. 15,1913.. ..... 4 2.71 

~ 

Lbsorp 
tion, 
etc. 

Inches. 
0.25 . 25 
0 

0 
0 

0 

0 

.M 

.50 

.50 

.54 

. i 5  

.50 

.50 . 72 

1.00 
.77 

U 
n 

.37 
0 
0 

0 
0 

. -50 . ’25 

.30 

.50 

.49 

....... 

d 52 

.Y9 

.I 
0 
U 

.25 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
n 
0 

.96 

.65 

.89 

. L?2 

.63 

1.05 
0 

0 
0 

Plus 
30 per 
cent 
I& 

ipper. 

‘mhc8 

0.71 
2.1s 

1.05 
1.33 
2.16 

1.86 
0. SI 
1 . 3  

0.82 
0.73 
1.20 

2.59 

1.430 

1. 41 
2. 2U 

1.29 

0. so 
1. i 4  

- 
...... 

...... 

...... 

...... 

..... 

..... 

..... 

..... 

..... 

..... 
1.44 

..... 
1.35 

0.5s 

1.09 

1.55 

1. 2 i  

..... 

..... 

..... 

..... 

..... 
1. i 5  

3.45 
3.79 

1.25 

..... 

..... 

..... 
0.93 

1.50 

82.1; 

1.24 

1.35 

..... 

...... 

..... 

..... 

........ 
1.57 

1.14 
3.06 

- 

stage 
a t  8 
a. m. 

FW. 
14.5 
20.9 
28.0 

8.4 
19.5 
26.0 
2s. 5 

9. a 
22.2 
25.3 
24. a 
3. 4 

23.6 

9.0 
23.4 

10.5 
14.1 

11.4 
14.2 
2s. 0 

14.6 
27.2 

11. I 
16.5 
23.1 
28. 9 

14.5 
23.5 

13.0 
18.1 

14.0 
23.2 

16.9 
22.3 

13.8 
24.6 

11.0 
21.0 

14.0 
23.0 

11.9 
?2.3 
34.4 

13.6 
91.0 

23.0 
26.7 
26.7 

10.8 
23.5 

11.8 
16.3 

17.1 
17.5 

9.6 
19.2 

13. 4 
21.5 

14.3 
17.3 
29.3 

12. a 
19. a 

- 
Esti- 
nated 
3tage. 

Fed. 
18.8 

122.9 
132.1 

14.4 
1 23.1 
1 28.5 

32.7 

12.3 
1 26.1 

26.9 
2s. 0 

9.6 
116.6 
121.7 
1 27.7 

13.5 
131.6 

15.3 
29.2 

14.2 
26.2 

1 32.7 

23.3 
1 28.4 

13.6 
1 20.4 

30.0 

16.6 
127.6 

18. 1 
27.2 

24.0 
1 25.6 

23.1 
26.7 

19.2 
128.9 

17.8 
1 26.5 

23.4 
30.6 

22.3 
35.4 
38.8 

20.2 
127.1 

23.0 
1 26.7 

27.6 

20.0 
1 28. ’I 

16.3 
31.5 

17.1 
26.2 

13.5 
25.0 

21.2 
29.5 

21.0 
25.5 

135.0 

...... 

- 

Iighest 
stage. 

Feet. 
....... 
....... 

31.0 

....... 

...... 

....... 
32.7 

....... ....... 
28.0 

....... 

....... 

....... 
27.7 

31.6 
....... 

....... 
31.0 

....... 

....... 
32.6 

....... 
27. 5 

....... 

....... 

....... 
30.0 

27.6 

27.3 

25.5 

25. 8 

28. 6 

25.8 

29.7 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

....... 

....... 
39.8 

28.4 
....... 

....... 

....... 
28. 0 

28.7 

31.5 

26.5 

25.5 

2s. 2 

...... 

....... 

....... 

....... 

....... 

....... 

....... 
35.1 

1 Estimated rise based on theoretical estimate from rainfall reported at  8 a. m. of 

4 Reports covered two dates but rain fell in 24 hours. 
5 Dropped on account of capacity of stream to carry off without a’dse. 
a N o  consideratlon glven ralns in upper sertlon of watershed of DPC 21,1911, the two 

the previous day. 

ralns being dlstinct and about 36 hours apart. 

RIVER GAGE RELATIONS BETWEEN CARLTON, QA., AND 
CALHOUN FALLS, 8. C., AND AUGUSTA, GA. 

While average rainfall is the prime consideration in 
the predicting of river stages a t  Augusta, it has been 
found that when there are complications reference to 
the river age readings a t  Carlton, Ga., on the Broad 

is Frequently of great assistance. Before applying these 
readings to the problem, however, the forecaster must be 
reasonably sure the rainfall has had time to cause an 
approximately masimum rise at the substations named. 
From a studv of the ga e relation diagrams for individual 

TABLE XVI1.-Relation of the nuan of th river etagee at Carlton and Cal- 
bun Falls to the ultimate n w i m u m  etage at duggusta. 

River, an (f: Calhoun Falls, S. C., on the Savannah River, 

rises, the fobowing tab 7 e has been prepared. 
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LATITUDE IN FORECASTING BEST SERVES PUBLIC INTERESTS. 

It has been found by esperisnce that the taking of 
latitude in stating a river forecast for Augusta is fre- 
quently desirable, since the information thus conveved 
is more complete than i t  would be if a definite fi ure 
were named regardless of the uiicertainties involve 5 in 
the estimate. 

When no more rain is indicated and the problem is 
clean-cut no latitude is necessary. 

When no more rain is espected, but the problem 
involves uncertainties, a latitude of 1 or 3 feet may be 
taken. In predictin stages above 33 feet 8 ?-foot. lati- 

When more rain is espected i t  is always advisable t.o 
take a latitude of 3 feet, as 86 to 28 feet, or 30 to 33 feet: 

tude should nearly a B ways be taken. 

RELATION OF THE HOURLY RATE OF RISE TO THE ULTIMATE 
STAGE. 

So much does the time of the beginning of the rise and 
the hourly rate of rise at  stages iinder 30 feet depend upon 
the distance of the heaviest rainfall from Au usta, the 
rate of rainfall, and soil conclit.ions, that reliab K e rules of 
relationship between the hourly rate of rise a t  such stages 
and the niasiniuni stage likely to be reached are impos- 
sible to calculate. At times when the precipitation is 
heavy and continuous in that port.ion of the watershed 
immediately above Augusta, a night rise from a stage of 
10 or 12 feet w i l l  reach 30 or 22 feet before it is possible 
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to get reporta,from the rainfrrll stations. When these 
sudden rapid nsos occur during the day, s ecial reports 

casts. Usually, however, the river is less responsive to 
the rainfall over the catchment area and the preparation 
and dissemination of timely forecasts is attended by no 
diflicul ty . 

In  an accompanying chart (Fig. 4) the houilyrates of rise 
for all freshets for which the information is available have 
been plott,ed. From this chart, has been deduced the fol- 
lowing table, showing t,he relation likely t,o esist between 
the rate of rise above 2 feet and the ultimate niaxiniuni 
stago. If these figures should a t  any time beconie of 
special importance, the shnuld be used with judgment 

or more rain is expectred. It may be well to stmate that a 
brisk: downstream wind will lower the niasiniuni s t.age 
somet,imes as much as a foot and a half, while an upst.rc?am 
wirid will increase it sonicwhat . 

greatly assist in the making of accurate an i tinicly fore- 

and due consideration o B wht.her or not rain is still felling 

Indicates Hourly 
lurtherrlse. / /  rise. 

II-- 

Eftt. i Frd. 
0.3 or less. ' 0.1 
1 . 0 t 0 1 . 5 ) ;  0.2 
1 . 0 t 0 3  0 0.3 
2 O t 0 3 : O I I  0.4 
3.0t05.0 0.5 
3.0t05.5 0.6 

3.OtOBO'I 4 . 0 t o s . o I ,  0.i  0.8 
1.0 

TABLE xVIII.-Rist! fo be exprcffd in the Ratyamah River at .-licgicsla, 
Ch.,  for .imriorts rates of risr per hoirr. 

- - . - - - - - - .- . - 

Iiidieates 
Iurther rise. 

. . . . - - - 

Fccl. 
1.0 or less. 
1.0 to 2.0 
3.0 to 5.0 
3.5 to 5.0 
3.5 to  5.5 
4.0 t.0 6.0 
5.0 to i.0 
5.0 to 8.0 
6.0 to 10.0 
Y.0 to 12.0 
9.0 to  13.0 j 

SWAMPS BELOW AUGUSTA. 

There is a popu1a.r belief t,hat. when t.be swamps in t.he 
Savannah basin below Angiista are surfeited with mois- 
ture the swamp water acts as an obstruction t.o t.he flow 
of the stream atr -4ugust.a and cau3es higher freshet 
stages than occur when there is ti. large unsatisfied stor- 

age capacity in tho swam s. It has been said that the 

being full than it otherwise would have been. The I& 
freshet was, however, oiietent,h foot higher, and in that 
instance the swamp water was low. In assignin theae 

fully accounted for by the volume of water received from 
above Aiigusta. 

Moderate fresh& will, of course, inundate farm lands 
in t,he river bodtonis less readily when a deplet.ed storage 
capacity in the swamps must first be satisfied, but m 
large freshets the amount of water th i s  retained by the 
swanips is so small as compared with the immenge 
volunie of river flow that little benefit can be expected 
even by 6lie farmers. 

When t,he wat,er is high t.he sudden slowing of the cur- 
rent in the flat land below Augusta undoubt.edly raises 
the &tiEgC ut Avgi1st.a to some est.ent, but there seem no 
reason to believe t:hat t.he magnitude of this effect is 
noticeably influenced by 6he water contents of the swamps. 
In  a re ort t*o Hon. Charles Estes, mayor of Augusta, in 
1 S74, Afr. William Phillip, civil engineer, estimat,ed the 
velocity o f  t,he current on the 53-foot drop in 6 miles from 
Bull Sluice to Hawka Gullcy (in Augwt,a) as 19.50 feet 
Ier second and the velocity between Hawks Gullv and 
butlers Creek, a di.staiice of 13.75 miles with a drop of 
about 6 inches to the mile, as only 1.75 feet, per second. 

1858 stage of 38.7 feet was R igher by reason of the swam 

two flood$ posit.ions in the forecast scheme, bot a seem 

POWER DAMS ABOVE AUQUSTA. 

Since none of the power dams on the Savannah River 
a.rc designed for t,lie permanent impoiunding of water in 
storage reservoirs, t.heir efl'ect upon the stream flow and 
upon the freshet. stages at Augusta mav be considered 
negligible, w1it.h the escep tion of the diurnal fluctuations 
ca~isetl by the nianipulat.ions of water in the Augusta 
Power Canal when stttges are below 10 feet. 

Report.3 t.hat dams up the stream have broken are 
always current when danger stages are reached or ex- 
pected, a.nd t,hese reports always cause milch alarni on 
t.lie part, of t,he people. Engineers who have been ques- 
tioned on t.he subject of xmible danger from this source 

denis, which are submerged bv the high water, "would 
have lit.tle if a.ny effect on tlia flood situation. 

are of the opinion that t I ie washing away of one of the 


